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CONSTITUTION AND BY-LAWS 


ILLINOIS ACADEMY OF SCIENCE 
CONSTITUTION. 


Articte I. NAme. 
This Society shall be known as THe ILino1s ACADEMY OF SCIENCE. 


Articte II. Obsyects. 


The objects of the Academy shall be the promotion of scientific 
research, the diffusion of scientific knowledge and scientific spirit, and the 
unification of the scientific interests of the State. 


Articte III. Members. 


The membership of the Academy shall consist of Active Members, 
Non-resident Members, Corresponding Members, Life Members, and Hon- 
orary Members. 


Active Members shall be persons who are interested in scientific work 
and are residents of the State of Illinois. Each active member shall pay 
an initiation fee of one dollar and an annual assessment of one dollar. 


Non-resident Members shall be persons who have been members of 
the Academy but have removed from the State. Their duties and privileges 


shall be the same as those of active members except that they may not 
hold office. 


Corresponding Members shall be such persons actively engaged in 
scientific research as shall be chosen by the Academy, their duties and 
privileges to be’the same as those of active members, except that they may 
not hold office and shall be free from all dues. 

Life Members shall be active or non-resident members who have paid 
fees to the amount of twenty dollars. They shall be free from further 
annual dues. 

Honorary Members shall be persons who have rendered distinguished 
service to science and who are not residents of the State of Illinois. The 
number shall not exceed twenty at one time. They shall be free from 
all dues. 

For election to any class of membership the candidate’s name must be 
proposed by two members, be approved by a majority of the committee on 
membership, and receive the assent of three-fourths of the members voting. 

All workers in science present at the organization meeting who sign 


the constitution, upon payment of their initiation fee and their annual dues 
for 1908 become charter members. 
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Articte IV. OFrFicers. 

The officers of the Academy shall consist of a President, a Vice-Presi- 
dent, a Chairman of each section that may be organized, a Secretary, and a 
Treasurer. These officers shall be chosen by ballot on recommendation of 


a nominating committee, at an annual meeting, and shall hold office for one 
year or until their successors qualify. 


They shall perform the duties usually pertaining to their respective 
offices. 

_ It shall be one of the duties of the President to prepare an address 
which shall be delivered before the Academy at the annual meeting at which 
his term of office expires. 


The secretary shall have charge of all the books, collections, and 
material property belonging to the Academy. 


Articte V. Covunci. 

The Council shall consist of the President, Vice-Presidem, Chairman 
of each section, Secretary, Treasurer, and the president for the preceding 
year. To the Council shall be entrusted the management of the affairs of 
the Academy during the intervals between regular meetings. 


Articte VI. Stanpinc CoMMITTEES. 
The Standing Committees of the Academy shall be a Committee on 
Publication and a Committee on Membership. 
The Committee on Publication shall consist of the President, the 
Secretary, and a third member chosen annually by the Academy. 


The Committee on Membership shall consist of five members chosen 
annually by the Academy. 


Articte VII. MEeEtINGs. 
The regular meetings of the Academy shall be held at such time and 
place as the Council may designate. Special meetings may be called 
by the Council and shall be called upon written request of twenty members. 


Articte VIII. Pustication. 

The regular publications of the Academy shall include the trans- 
actions of the Academy and such papers as are deemed suitable by the 
Committee on Publication. 

All members shall receive gratis the current issues of the Academy. 


Articte IX. AFFILIATION. 

The Academy may enter into such relations of affiliation with other 
organizations of appropriate character as may be recommended by the 
Council and be ordered by a three-fourths vote of the members present 
at any regular meeting. 

ArticLe X. AMENDMENTS. 

This constitution may be amended by a three-fourths vote of the 

members present at an annual meeting, provided that notice of the desired 


change has been sent by the Secretary to all members at least twenty 
days before such meeting. 
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BY-LAWS. 


I. The following shall be the regular order of business. 
1. Call to order. 
Reports of officers. 
Reports of standing committees. 
Election of members. 
. Reports of special committees. 
Appointment of special committees. 
. Unfinished business. 
New business. 
. Election of officers. 
. Program. 
Adjournment. 


II. No meeting of the Academy shall be held without thirty days’ 
previous notice being sent by the Secretary to all members. 


- III. Fifteen members shall constitute a quorum of the Academy. A 
majority of the Council shall constitute a quorum of the Council. 


IV. No bill against the Academy shall be paid without an order 
signed by the President and Secretary. 


V. Members who shall allow their dues to remain unpaid for three 
years, having been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 


VI. The Secretary shall have charge of the distribution, sale, and 
exchange of the published Transactions of the Academy, under such 
restrictions ds may be imposed by the Council. 

VII. The presiding officer shall at each annual meeting appoint a 
committee of three who shall examine and report in writing upon the 
account of the Treasurer. 

VIII. No paper shall be entitled to a place on the program unless the 
manuscript or an abstract of the same shall have been previously delivered 
to the Secretary. 


IX. These by-laws may be suspended by a three-fourths vote of the 
members present at any regular meeting. 
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Minutes of the Fourth Annual Meeting 


Botany BuILpING, UNIverRsiIty oF CHICAGO. 
Cuicaco, Fepruary 17 and 18, 1911. 


SESSION OF FRIDAY, FEBRUARY 17. 


Mornino. 
President Coulter called the meeting to order at ten o’clock a. m. 
Dean R. D. Salisbury, of the University of Chicago, then wel- 

comed the members of the Illinois Academy of Science to the 
University. 

“It is in full appreciation of the fact that the University of 
Chicago and the Illinois State Academy are one in their general 
purpose, namely, the spreading of scientific knowledge among 
the people, that we are met here today. We are co-workers in 
the same general field. Although the Academy is young, it has 
already accomplished much, and has laid the foundation for 

» gteater things in the future. Their publications are worthy publi- 

cations and have established a feeling of fellowship among the 
men of science, a community of interest, which must result in 
good in the days to come. Especially is this feeling perpetuated 
by the stimulation to scientific work, which is the natural result 
of the greater communication which is thus offered among the 
men of science. 

“I think that another of the great services performed, is the 
encouragement of the younger men. My first paper was delivered 
before a state academy of science, and I still remember very well 
the feeling of encouragement which I felt at the time. I suppose 
the same thing holds to this day, and it seems to me, therefore, that 
this stimulation of young men and women within the field of 
science, is one of the greatest functions of this organization. 

“Any organization which encourages work on the part of many 
men; which stimulates and arouses a widespread interest; any 
organization which has for one of its purposes the spreading of 
useful information among the people of the state ; and any organi- 
zation which promotes intercourse among men of science, must 
be welcome at this University—or at any other university. I 

assure you that the authorities of the University are more than 
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glad to welcome you here, and to put at your disposal any facili- 
ties which we may have. And although we are way off in the 
corner of the state, I assure you that you will always be welcome 
here. Speaking for the University, I hope you will have a most 
successful session.” 

President Coulter—‘“We shall now proceed to the business 
matters which precede our more serious purpose in being here, 
and the first is the report of the secretary.” 


REPORT OF THE SECRETARY. 


Minutes oF Previous Meetincs.—The minutes of the third 
annual meeting held at Urbana, February 18 and 19, 1910, ap- 
proved by the council, were published in Volume III of the 
Transactions and sent to members in good standing on June 20th, 
and thereafter to members as rapidly as their annual dues were 
paid. 

Report of the meeting of the council held at Decatur June 14th 
was sent to members in the latter part of that month. 

MEMBERSHIP.—The secretary records with regret the death 
of Charles Reid Barnes, Ph.D., Professor of Plant Physiology 
at the University of Chicago; Frank G. Barnes, D.D., ex-president 
of Wesleyan University, Bloomington; J. Carl Stine, Superin- 
tendent of Public Schools, Virden, and J. A. West, A.M., of the 
State Entomologist’s office, Urbana. 

It happens that all of these gentlemen were personally known 
to the secretary and all had shown some especial interest in the 
State Museum by personal visits or by letters written in behalf 
of the museum. Memoirs will be presented by members of the 
Academy intimately acquainted with them. 

It is a matter of gratification that our list of members now 
contains 371 names. A hasty estimate shows the distribution to 
be about as follows: Normal, 2; Charleston, 4; St. Louis, 6; 
Field Museum, 9; Decatur, 10; Evanston, 10; University of Chi- 
cago, 20; Springfield, 29; Chicago, 68; scattered localities, 103; 
Urbana, 110; total, 371. The greatest following is at Urbana, 
due, no doubt, to the large number of scientific workers at the 
State University, to the enthusiasm of certain gentlemen there for 
the Academy and the meeting of the Academy at Urbana last 
year. There is reason to expect that our presence in this locality 
will cause Chicago to surpass all other portions of the State in 
the number of members. 
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Letters addressed to the following have been returned marked 
“address unknown”: Leo P. Baird, E. H. Barber, James H. 
Browning, L. L. Burgess, C. E. Burke, E. B. Collett, J. S. Collier, 
Wm. E. Davis, L. A. Dawson, C. A. Fry, Stella H. Hague, C. F. 
Knirk, O. C. Montgomery, O. F. Sevrens, H. S. Swarth. The 
secretary will appreciate information concerning them. 

It is advisable that all who present names of candidates, and 
especially the membership committee, furnish complete data con- 
cerning candidates presented. This will save much labor subse- 
quently since for the purpose of promoting the acquaintance of 
the members with each other the attempt is made to not only 
give names and addresses, but the chief lines of work, position 
and degree of each member. 

Pus.icaTions.—Of the three volumes of the Transactions pub- 
lished, Volume I appeared in an edition of 500, Volumes II and ITI 
in editions of 1,000 each. Fifty copies of each volume were 
bound in cloth and can be furnished to members instead of paper 
bound volumes, for 25 cents extra, as long as the supply lasts. 


Sale of previous volumes is a slight source of income to the 
treasury. 


The call for the publications of the Academy is increasing. 
Thus far it has been impossible to respond to numerous requests 
from scientific institutions and libraries both in this country and 
Europe, because of lack of funds to pay postage on exchanges. 
Publications of various institutions are coming in and a valuable 
library will result. 

In view of the low annual fee charged our members, it is diffi- 
cult to conduct the business of the Academy. There are many 
things which could be done to arouse interest of the members and 
to promote the welfare of the Academy which are now impossible 
because of lack of funds. The neglect of members to promptly 
pay their dues causes the treasurer much annoyance and work 
and hampers the organization. In many cases the fee is spent in 
postage before the fee is paid. 

There is good reason to hope that the present session of the 
state legislature will provide for the publication of our Trans- 
actions, thus relieving our treasury of a burden which it is hardly 
adequate to bear and at the same time make it possible for the 
people of the state to more thoroughly profit by the activity of 
the membership in contributing to scientific knowledge both in 
its theoretical and practical phases. 
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If publication by the state can be brought about, the Academy 
will be able to pay the expenses incurred by future secretaries and 
treasurers, at least in attendance upon meetings, and to pay as well 
for the large amount of clerical work incident to the office of 
the secretary. 

Your secretary is convinced that by this time he has contributed 
his full proportion of time and money to the Academy and trusts 
that his successor elected at the meeting may be less burdened, 
both to his own advantage and to that of the society. 


Respectfully submitted, 
February 17, 1911. A. R. Crook, Secretary. 


The report of the secretary was approved and ordered placed 
on file. 


REPORT OF THE TREASURER. 


es 377.50 


Expenditures, Feb. 15, 1910, to Feb. 16, 1911.. 


Cash on hand Feb. 16, 1910............046- 
Respectfully submitted, 
Joun C. Hessier, Treasurer. 


The report of the treasurer was ordered placed on file and the 
chair appointed the following auditing committee: Mr. Weller, 
chairman ;/Dr. Pepoon and Mr. Slocum. 

In the absence of the membership committee, Mr. Cowles as- 
sumed the duties of this committee. The following names were 
presented for membership in the Academy and on motion, duly 
seconded, were unanimously elected: 


Barger, Thomas M., 2725 South Fifty-ninth Court, Cicero, Iil. 
— H. M., 1618 Belmont Ave., East St. Louis, Ill. (Archaeology.) 

aM, Ph of Chi 


Coffin, Fletcher B., Ph.D., Lake Forest, Ill. (Physical Chemistry.) 
H., A.B., "AM., 6022 Monroe Ave., Chicago. ( Biological 


Eikenberry, W. L., B.S., Universi 
Ewell, Marshail D., AM. MD., 
ogy, Microscopy.) 


Balance on hand Feb. 15, 1910............. «$202.00 

—- Receipts, Feb. 15, 1910, to Feb. 16, 1911 =! 

551.94 
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Fuller, Geo. D., A.B., University of Chicago, Chicago. (Plant Ecology.) 

Givens, H., Paris, Il]. (Botany.) 

Greenman, J. M., B.S., M.S., Ph.D., 5731 Madison Ave., Chicago. (Botany.) 

Harris, Norman MacL., M.B., University of Chicago, Chicago. (Bac- 
teriology.) 

Hildebrand, L. E., A.B. A.M., 808 Hamlin St., Evanston, Ill. (Zoology.) 

Hill, E. J., 7100 Eggleston Ave., Chicago. (Botany.) 

Jackson, Miss Nell, B.S., 7524 Harvard Ave., Chicago. (Botany.) 

Jordan, Edwin O., Ph.D., University of Chicago, Chicago. (Bacteriology.) 

Land, W. J. G., Ph.D., University of Chicago, Chicago. (Botany.) 

Lillie, F. R., Ph.D., University of Chicago, Chicago (Zoology.) 

Locke, J. R., B.S., 212 Sixth St., Streator, Ill. (Botany.) 

McCabe, E. L., Martinsville, Ill. (Botany.) 

McCormack, Thomas J., La Salle, Ill. 

MacFarland, D. F., University of Illinois, Urbana, Ill. (Chemistry.) 

Mance, G. C., 302 Maple Ave., Blue Island, Ill. (Science.) 

Nef, J. U., Ph.D., University of Chicago, Chicago. (Chemistry.) 

Percy, J. F., M.D., Galesburg, Ill. 

Pfuffer, Miss W. M., S.B., Ph.D., University of Chicago. (Botany.) 

Replogle, P. S., M.D., 80 North Neil St., Champaign, Ill. (Medicine.) 

Reynolds, Carrie, B.S., Lake View High School, Chicago. (Botany.) 

Sherff, E. E., B.S., 421 Sherman Ave., Evanston, Ill. (Botany.) 

Sims, J. P., 851 South Lincoln St., Springfield, Ill. 

Smith, Wilbur, 5636 Kenmore Ave., Chicago. (Botany.) 

Stowe, Herbert, M.D., 4433 Lake*Ave., Chicago. (Medicine.) 

Strong, R. M., A.B., A.M., Ph.D., University of Chicago, Chicago. (Zo- 
ology.) 

Taggart, Miss Margaret, 805 West Oregon St., Urbana. (Chemistry.) 

Webb, J. M., U. S. Bureau of Mines, Urbana, IIl. 

Young, Mrs. J. D., B.S., 4752 Vincennes Ave., Chicago. (Biology.) 

The report of the COMMITTEE ON DEEP DRILLING was called 
for and was presented by the Chairman, Mr. J. A. Udden. 

Rock Island, Ill., February 16, 1911. 
To the President of the Illinois Academy of Science, 

Dear Sir: The Committee on Deep Drillings wishes to report 
that it has had no meeting during the last year. We would ask 
to be relieved from further service. 

The State Geological Survey has made arrangements to continue 
the work of collecting well records and we believe that this organi- 
zation can well attend to the entire correspondence. Such mem- 
bers of the Academy as have opportunity to furnish new data on 
wells will, without doubt, be glad to communicate with the survey, 
which keeps permanent files on all such information. 

The committee wishes to express its sincere thanks to Dr. A. R. 
Crook of the.State Natural History Museum in Springfield, Illi- 
nois, for his kindness in placing at the disposal of the committee 
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the entire archives of his office, which have been examined and 
from which have been extracted a great deal of valuable informa- 
tion relating to deep wells in the state. 


Yours very truly, 
J. A. Uppen, Chairman. 
F. W. DeWotr, 
U. S. Grant. 
It was moved, seconded and unanimously carried, that the 
report be accepted and the recommendation adopted. 
Mr. Frank C. Baker presented the following report, which was 
accepted and the committee was continued for another year: 


REPORT OF THE COMMITTEE TO INFLUENCE LEGISLATION TO RESTRICT 
THE COLLECTION OF BIRDS AND EGGS SOLELY TO 
ACCREDITED INSTITUTIONS. 

Your committee has carefully gone into the subject of the 
present law governing the collecting of birds and their eggs for 
scientific purposes. A number of collectors, as well as profes- 
sional naturalists connected with museums, have been seen or. 
corresponded with. The general consensus of opinion is to the ~ 
effect that it would not be wise, nor would it benefit science, to © 
restrict the collecting of birds and their eggs to accredited institu- 
tions. Many valuable facts have been gathered by amateur 
collectors, and it is quite probable that ornithological information 
from many obscure parts of the state can only be obtained through 
these enthusiastic collectors. 

Statistics concerning permits in Cook County show that up- 
wards of twenty-one have been issued, divided as follows: 

4 Museum men. 

2 Egg collectors. 

6 Ornithologis:s. 

2 Taxidermists. 

1 Hunter. 

6 Unknown to the committee. 
21 Total. 

Some of these collectors should probably not receive permits 
as their work is not in any way scientific. It is noteworthy that 
but three persons of the twenty-one are members of the State 
Academy. 

The law under which the collectors’ permits are issued appears 
to the committee to be faulty in that there is no centralized office 
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for this purpose, each county clerk having authority to issue a 
permit. It is apparent, also, that no effort is made by the county 
clerk to verify the certifiers of the qualifications of the applicant. 
It would seem that any one having a letter signed by two men, 
and who furnishes the required bond, can easily secure a permit. 

The committee believe that the law might be changed in the 
following particulars: That the permits be issued only by the 
State Game Warden and that the applications be approved by the 
State Academy of Science. By such a change the law of Illinois 
would conform more closely to that of Indiana, in which state 
the Commissioner of Game and Fisheries issues all permits. 

This committee believes that the State Academy should con- 
serve all of the scientific interests of the state and the protection 
of the wild life is one of our most valuable assets. Therefore, it 
does not appear at all out of place for the State Academy to 
exercise an approving function in matters of this kind. 

Should the State Academy deem it of enough importance, this 
committee might be continued and empowered to obtain from 
each county clerk a list of the permits issued for collecting pur- 
poses. By such a canvas, exact statistics might be gathered con- 


cerning the amount of abuse under the present method of issuing 


permits, and at the same time much information would doubtless 
be secured concerning the ornithological strength of the state. 
A revision of Section 14 of the game laws, as suggested above, 
is appended. Respectfully submitted, 
Frank C. BAKER, Chairman. 
Frep L. CHARLEs, 
Isaac E. HEss. 
Chicago, February 17, 1911. 


GAME LAWS OF STATE OF ILLINOIS. 
(As revised by committee. ) 
Page 14. 

Sec. 14. Certificates may be granted by the State Game Com- 
missioner to any properly accredited person of the age of eighteen 
years and upward, permitting the holder thereof to collect birds, 
their nests and eggs for strictly scientific purposes only. In order 
to obtain such certificate the applicant for the same must present 
to the State Game Commissioner written testimonials from two 
well-known scientific men, certifying to the good character and 
fitness of said applicant to be entrusted with such privilege; the 
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applicant, as well as the certifiers of the same, must be approved 
by the Illinois Academy of Science ; the applicant must pay to said 
State Game Commissioner one dollar to defray the necessary 
expenses attending the granting of any such certificates, and 
must file with said State Game Commissioner a properly executed 
bond in the sum of two hundred dollars, signed by two responsible 
citizens of the State as sureties. This bond shall be forfeited to 
the State and the certificate become void upon proof that the 
holder of such certificate has killed any bird or taken the nest or 
eggs of any bird for other than the purpose named in Sections 3 
and 13 of this act, and shall be further subject for each offense 
to the penalties provided therefor in Sections three (3) and 
twelve (12) of this act. 

Mr. Ira Meyers presented the following report of his committee, 
the chairman, Mr. Charles, being absent on account of illness. 


REPORT OF THE COMMITTEE ON CO-OPERATION WITH EXISTING 
NATURE-STUDY AGENCIES. 
We recognize the following agencies whose co-operation is 
desirable : 
Teachers’ Associations— 
State, 
Sectional (6), 
Country Teachers’ Association. 
County Superintendents. 
State Superintendents. 
City and High School Superintendents. 
Secondary School Conferences. 
Conference on Nature-Study-Agriculture (U. of I.). 
Normal Schools. 
Farmers’ Institutes— 
State, county, local. 
Women’s Clubs. 
Central Association of Science and Mathematics Teachers. 
Chicago Academy of Sciences. 
Audubon Society. 
Humane Society. 
Higher Institutions in Illinois (to give culture courses, pro- 
fessional and extension work). 
State Penal and Charitable Institutions. 
Industrial Organizations. 
W.C. 
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Household Science. 

Manual Training. 

American Nature-Study Society. 

N. E. A. 

A. A.A. S. 

Educational and Scientific Journals. 

{llinois Federation for Rural Progress. 

Co-operation to the end— 

. That nature-study be given more serious consideration in ~ 
teachers’ gatherings. 

. That it be given a definite place in the program and a definite 
course of study in all elementary schools. 

. That nature-study values be more fully recognized in the 
home. 

. That scientific research upon the problem of nature-study 
teaching be stimulated. . 

. That high school teachers of science be more generally inter- 
ested to lend a helping hand in the elementary school. 

. That various organizations now working independently and 
perhaps, in some cases, at cross purposes, be brought to- 
gether for united effort. 

. That culture courses in nature-study or popular science be 
introduced into colleges and universities. 

. That nature-study values be recogttized in state penal and 
charitable institutions. 

. That the attention of men of science be directed to the great 
importance of fostering in the young, through successful 
teaching, that native spirit of inquiry so essential to scien- 
tific achievement. 

. That men of wealth be attracted to the benefits which would 
result from the endowment of agencies for the promotion 
of nature-study teaching and the nature-study movement. 

Freperick L. Chairman. 
IRA MEYERS, 
RutH MARSHALL. 


President Coulter, in announcing that the time had arrived for 
the reading of stated papers, said: 

“I want to call the attention of the Academy to the condition of 
the program. You will recognize that there have been one or two 
changes in connection with the preliminary announcement. These 
changes I think have chiefly to do with the place of meeting. I 
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think I ought to explain why the Saturday afternoon meeting is 
not to be held at the Field Museum. In communicating with 
Director Skiff it was found that there would be no available room 
for such a conference, and therefore it was found impossible to 
hold a session there. It was through some misunderstanding that 
the meeting was so announced. There will be an opportunity on 
Saturday for personal visits, but this will be a personal matter 
and not a matter for the Academy as such. 

Mr. Farrington.—We regret very much that it is impossible 
to hold the meeting in the Field Museum, but we certainly hope 
that you will feel that this is a cordial invitation to visit the 
museum, and if you will try to arrange for one o'clock Saturday 
afternoon, we will have an hour together which we can spend in 
a way that will accomplish more than if we go individually. We 
sincerely hope that you will accept this invitation.” 

The following papers were presented: 

Post-glacial Life of Wilmette Bay, Glacial Lake, Chicago, by 
Frank Collins Baker. (Illustrated.) 

Structure of the Adult Cycad Stem, by C. J. Chamberlain. 
(Illustrated. ) 

A Preliminary List of the Ants of Illinois, by Maurice Cole 
Tanquary. 

The Eastward Extension of the Sweetland Creek Shale in 
Illinois, by J. A. Udden. 

The meeting adjourned at twelve o’clock, noon. 


AFTERNOON. 
Botany Building, 2 p. m. 


4 


President Coulter called the meeting to order. 

Mr. J. M. Webb, of Urbana, demonstrated the use of oxygen 
in mine rescue work. An oxygen helmet was shown and the 
method of its working was graphically explained. 

Prof. A. A. Michelson of the University of Chicago, addressed 
the Academy on “Metallic Colors in Birds and Insects.” The 
stereopticon was used for the purpose of illustration and several 
boxes of insects and birds showing metallic colors, procured by 
Prof. Michelson in Brazil, were exhibited. 

The following papers were presented: 

The Mollusca of Piatt, Champaign and Vermilion Counties, 
Illinois, by James Zetek. (Illustrated). 
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Oil Investigations in Illinois, by Raymond S. Blatchley. (Illus- 
trated.) 

Seasonal Succession in Old Forest Ponds, by W. C. Allee. 
(Illustrated. ) 

The Occurrence of the Rare Alga, Gloeotenium, in Illinois, 
by E. N. Transeau. 

Present Condition of the State Museum of Natural History, 
by Alja R. Crook. 

Demonstration of the Movement of the Water in Leaves, by 
Aaron Hodgman Cole. (lIllustrated.) 

The meeting adjourned at five o’clock, p. m. 


EVENING. 


At eight o’clock, Professor S. A. Forbes called the meeting to 
order in Mandel Hall, when the siamo: address was delivered 
by Prof. John M. Coulter. 

Following the presidential address, a social hour was spent in 
Hutchinson Hall. 


SESSION OF SATURDAY, FEBRUARY 18. 


MornInc. 
Mandel Hall, 9:15 a. m. 
Symposium on Radioactivity. 


President Coulter in announcing the Symposium said that the 
order of presentation would not be as shown on the printed pro- 
gram, but would be such as to show the development of the situa- 
tion. The addresses were accordingly delivered in the following 
order : 

1. Some of the Physical Properties of Radium, by Prof. 
Henry Crew of the Northwestern University. 

II. Radium from the Astronomical Point of View, by Prof. 
Edwin B. Frost of the Yerkes Observatory. 

III. Radiochemistry, by Prof. William A. Noyes of the State 
University of Illinois. 

IV. Radioactivity and Geological Phenomena, by Prof. 
Thomas C. Chamberlin of the University of Chicago. 
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V. The Biological Effect of Radium, by Prof. William A. 
Pusey of the University of Illinois. 

Following the symposium Prof. Henry C. Cowles addressed the 
Academy on the subject, “The Relation of the Soil to Plants.” 


AFTERNOON. 
Botany Building, 2:00 p. m. 


The meeting was called to order by President Coulter. 

Delayed committee reports were called for, the first from the 
Committee on Assistance of the Academy to High Schools in 
Science Teaching, was presented by the chairman, Cyril G. 
Hopkins. 

Mr. A. H. Conrad, in moving the adoption of the recommenda- 
tions of the committee, said it was an admirable communication 
and represented work as projected or could be done in the interest 
of scientific education. 

Mr. Caldwell moved an amendment to the recommendation, 
raising the committee to five members and striking out the clause ~ 
excluding from membership the editorial committee. Seconded — 
by Mr. Forbes. 

Mr. Hopkins.—“The committee feels that it has performed the 
functions laid upon it. It provides here for the appointment of 
two committees ; there was no thought at all that this committee 
was to be extended. The committee thought the Academy would 
endorse it, and there should be absolute freedom from the sus- 
picion that this committee has anything to do with the endorse- 
ment.” 

Mr. Caldwell—“According to the recommendations this com- 
mittee is to be selected so that it will be made up of those people 
who will know what will be advisable to present to the schools. 
If this committee is made up of people who are informed, so that 
they can stimulate the production of these things, they might be 
able to produce some of these things themselves. It is merely a 
committee and nothing else to date.” 

Mr. Pricer —‘It seems to me that as long as there is only one 
member on the committee who will produce a paper, and there 
are four other members there who will pass upon it, he will be 
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The question of the amendment involving the striking out of 
the limitation on membership was now put and unanimously 
carried. 

The motion adopting the recommendations thus amended was 
put to vote and carried. 

The report as amended is as follows: 


COMMITTEE ON ASSISTANCE OF THE ACADEMY TO HIGH SCHOOLS 
IN SCIENCE TEACHING. 


Your committee on aid to high schools was directed: 

1. To discover whether the Academy may be of assistance to 
the high schools of the state in the teaching of science and, if so, 

2. To report at this meeting a plan of action. 

First, it appears to the committee that there exists a wide- 
spread and increasing demand upon the part of high school 
principals, city superintendents, and the general public that high 
school science be made more “practical” and less “theoretical” 
and “technical.” Science teachers are being pressed upon, espe- 
cially in the biological sciences in the lower years of the high 
school, to include in their courses material which was not in- 
cluded in their own formal training, and which is not yet or- 
ganized for high school teaching. It is believed that the Acade- 
my may properly have a useful part in contributing to what 
comes from this movement to modify the high school science 
courses. It is also believed that something may be accomplished 
through this undertaking in the way of enlisting more high 
school teachers as interested and active members of the Academy ; 
in short, that the general influence of the Academy in the inter- 
est of popular science in the State of Illinois will be import- 
antly extended thereby. 

As a plan of action, your committee recommends : 

1. That a committee of five be appointed to arrange for the 
editorship and the publication of a series to be known as the 
State Academy leaflets on high school science. 

2. That this committee prepare a list of subjects and a gen- 
eral plan for the treatment of these subjects, and invite mem- 
bers of the Academy to prepare mss. for these leaflets, subject to _ 
the editorial revision of the committee. : 

3. That this committee be authorized to make such arrang:’ 
ment for the publication of this series as shall relieve the Acad 
my from financial responsibility in this connection, prope / 
safeguard the use of its name, and insure to the authors of * « 
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leaflets a royalty of at least 10% on the sale of such leaflets, 
and such compensation for editorial services rendered as the 
committee may decide. 

Second: Inasmuch as the demand for industrialism in 
education has become widespread and is causing the addition of 
many new courses in applied science to the curriculum of the 
high schools and the readjustment of the established courses in 
pure science; and, 

In view of the fact that there is little data at the command 
of educators which might enable them to reorganize the work 
in science on correct lines without risk of serious mistakes 
fraught with danger or disaster to both the pure and applied 
sciences,— 

Your committee recommends that the Academy appoint a com- 
mittee of five members to investigate the practice of secondary 
schools in: 

1. The organization of the applied sciences. 

2. The correlation of the pure and applied sciences. 

8. The adjustment made in the pure sciences to meet local 
conditions and satisfy the demand for practical courses. 

It is further recommended that this committee prepare a re- 
sume of their findings for report to the Academy at its next 
meeting together with a more detailed report of its investiga- 
tions for publication and circulation. This detailed report 
should be published in convenient form for the use of school 
officials and others who may wish information. 

If the funds are available, it is recommended that the council 
be authorized to provide for the necessary expense of corres- 
pondence of the committee. 

Cyrit G. Hopxtns, Chairman. 
Joun G. Coutter, 
WorRALLO WHITNEY, 

Joun F. Hayrorp, 

W. S. Strope. 


_ The report of the committee on Ecological Survey was next 
presented. 


COMMITTEE ON ECOLOGICAL SURVEY. 
To the Illinois Academy of Science: 
_ Your committee on an ecological survey has merely to report 
ye progress of work on the ecology of the state by various more 
ess definitely organized agencies now active in that field. 
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The State Laboratory of Natural History, acting in co-opera- 
tion with the Forest Service of the United States Department of 
Agriculture, has finished, during the past year, a forestry survey 
of the state, and has published its report on “Forest Conditions 
in Illinois” in the form of a bulletin of the State Laboratory, now 
available for general distribution. 

The Laboratory has also been continuously at work upon the 
Illinois River, engaged especially in the study of the fishes and 
the plankton, with main reference to an analysis of changes in 
the physical and biological system of the stream and its depen- 
dent waters due to the opening of the Chicago Drainage Canal. 
We have also undertaken to bring the Illinois River into compari- 
son with the Mississippi, and even with the Ohio, by means of 
plankton collections, continuous for all practical purposes, made 
lengthwise of these great rivers. Our collections were made 
over distances aggregating 1,000 miles for the Illinois, 1,200 miles 
for the Mississippi, and forty-six miles for the Ohio. 

C. C. Adams, representing the State Laboratory, and E. N. 
Transeau and T. L. Hankinson, of the Eastern Illinois Normal 
School, spent some weeks of the summer vacation together in 
the neighborhood of Charleston, in Coles County, making a sys- 
tematic study, from the ecological standpoint, of the plant and 
animal life of certain areas chosen as representative remnants 
of the original prairies and forests of the state. This work was 
undertaken primarily as an example of the objects, methods, and 
results of local ecological work, and had also a special value as a 
test of the possibility of reconstructing the primitive ecology of 
Illinois by a careful selection and expert study of the remaining 
tracts of native prairie and forest in different parts of the 
state. The results of the reconnaissance encourage us to believe 
that, although this task is becoming yearly more difficult, it can 
still be accomplished, and we hope to be able to set on foot dur- 
ing the coming year operations to this end in various parts of 
the state. These Charleston studies have resulted in two papers 
by Mr. Adams, presented at this meeting of the Academy, and a 
full report will be published in the bulletin of the State Labo- 
ratory. 

What amounts to co-operative work on the ecology of the 
Chicago area, although done by various individuals independently, 
has been far advanced by the personal studies of V. E. Shelford 
and Frank. C. Baker, and by two Chicago University men, one 
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of whom, Mr. Sherff, is studying the plant ecology of the Skokie 
region, while the other, Mr. Geo. D. Fuller, is making transpi- 
ration studies in the Chicago area. Mr. Shelford has completed 
his elaborate work on the animal ecology of that entire area, 
and his paper is presently to be published by the Chicago Geo- 
graphical Society. Mr. Baker has lately published a monograph 
of the Limnaeidae of North America, which contains a large 
amount of ecological material applying to that family of mol- 
lusks in Illinois. Mr. Transeau has continued his studies on the 
Algae of the Charleston region, and Mr. Hankinson has con- 
tinued work on the aquatic animals of this region, with special 
attention to the nesting habitats of fishes. 

The principal publications on the ecology of the state issued 
since our last meeting, are six bulletins of the State Laboratory 
of Natural History containing 441 pages of text and seventy 
half-tone plates. The topics are the ecology of the Skokie Marsh 
area, by Mr. Baker; a study of the mammals of Champaign 
county, by F. E. Wood; two papers on the shrew-mole in IIli- 
nois, by Mr. Wood and J. A. West; the vegetation of the inland 
sand deposits of Illinois, by H. A. Gleason; a report on forest 
conditions in Illinois, by R. Clifford Hall and O. D. Ingall, and ~ 
two papers on our biological investigations on the Illinois river, “ 
by S. A. Forbes. 

Respectfully submitted, 
S. A. Fores, Chairman. 
V. E. SHELForD. 
H. A. GLEASON. 
E. N. TRANSEAU. 
C. C. Apams. 
Frank C, BAKER. 


REPORT OF THE COMMITTEE TO INFLUENCE LEGISLATION IN FAVOR 
OF INCREASED PROTECTION FOR GAME BIRDS. 


Dr. S. A. Forses. 


Unfortunately we have nothing definite to report. We faced 
one State Legislature, but with no definite success. One reason 
is that hunters are not, as is popularly supposed, the limiting 
factor. It is the increasing agriculture, making constant inroads 
on the available nesting places. It seems that we cannot culti- 
vate or rear any of these birds under the present cultural condi- 
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tions. Consequently, the work of this committee seems to us 
rather a hopeless task. 

The chairman of the committee recommended that this com- 
mittee be discharged. The report was accepted and the commit- 
tee discharged. 

Mr. Forbes—“Two years ago we took up the matter of the 
publication of the transactions of the Academy by the State. We 
consulted a number of the representatives in Springfield and 
under the conditions which prevailed at that time, we deemed it 
unwise to bring this bill forward. We felt practically certain 
that this bill would not be allowed, and we did not wish to sub- 
ject the Academy to the experience of having its first request 
refused. 

“So far as we can now see, conditions are more favorable, and 
we have drawn up another bill based on that which was passed 
in Indiana, and I have placed this bill in the hands of our sec- 
retary.” 

The action of Mr. Forbes and the secretary was unanimously 
approved. 

Report of the Nomination Committee: 

President—W. A. Noyes, of Urbana. 

Vice President—J. C. Udden, of Rock Island. 

Secretary—F. C. Baker, of Chicago. 

Treasurer—J. C. Hessler, of Decatur. 

For member of the publication committee—A. R. Crook, of 
Springfield. 

For the membership committee—H. C. Cowles, of Chicago; 
Marion Weller, of DeKalb; E. N. Transeau, of Charleston; C. C. 
Adams, of Urbana; J. W. Read, of Jacksonville. 

The report of the committee on nominations was adopted. 

The secretary reported that there was but one life member, 
Dr. V. A. Latham, and suggested that the number of these mem- 
berships might be largely increased. 

The reading of papers was now resumed. 

The Channahon and Essex Limestones in Illinois, by T. E. 
Savage. 

Ecological Studies of the Prairie and Forest in Illinois, by 
Charles C. Adams. 


A Handbook for Students of Animal Ecology, by Charles C. 
Adams. 
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Reproduction by Layering in the Balsam Fir and other Coni- 
fers, by William S. Cooper. (Illustrated.) 

Evaporation and Plant Succession on the Sand Dunes of Lake 
Michigan, by George D. Fuller. (Illustrated.) 

An American Lepidostrobus, by John M. Coulter and W. J. G. 
Land. (Illustrated.) 

On motion, duly seconded, the 1911 meeting of the Illinois 
Academy of Science was adjourned. 


The President’s Address 
THE PROBLEMS OF PLANT-BREEDING. 


By M. Courter. 


A conspicuous function of such an organization as the State 
Academy should be the diffusion of knowledge in reference to 
the subjects called sciences. It is a notable fact that there are as 
yet no adequate means for this purpose. The public is left to 
the newspapers and the magazines, and through these channels it 
is anything but scientific knowledge that is diffused. It is not my 
purpose to suggest a remedy. We are all too much engaged with 
our own immediate interests to give this problem the attention it 
would demand. I have mentioned it simply as an excuse for my 
subject. 

Perhaps no part of the field I represent has had more misin- 
formation diffused concerning it than plant-breeding, for it deals 
very directly with important human interests, and the public has 
been like an unwary fish in the presence of some flashy arti- 
ficial bait., Very probably I would not present this topic to a 
group of botanists, for they are familiar with it; but my mission 
here is to represent the botanists before other groups of scien- 
tific men, and before the public so far as it will give us a hear- 
ing. 

The science of botany has had a remarkable history. Begin- 
ning with the investigation of plants for what were called their 
medicinal virtues, it developed with various progressions and 
retrogressions, until the botanist came to be regarded as about 
the most useless intelligent member of society. His chief con- . 
cern seemed to remove him so far from the general human in- 
terest, that he was regarded as a harmless crank, at best-a man 
only of ephemeral interest. No such opinion could have devel- 
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oped unless there had been some basis for it. It is entirely for- 
eign to my purpose to discover this basis; the situation is sim- 
ply to be recognized as a fact. 

The most unfortunate result of this public estimation of bot- 
any was that it lingered much longer than it was deserved; and 
consequently, when the other so-called sciences had won public 
esteem either through their services or their appeal to the won- © 
der-instinct, Botany lagged behind in public recognition, and in 
most educational institutions was the latest born into the family 
of the sciences. But finally it also began to render signal service 
and to appeal to the wonder-instinct. 


Without attempting to disparage the wonderful recent devel- 
opment of several phases of botanical activity, phases that have 
become so developed as to endanger the federal interests of bot- 
any as a unified science, there is certainly no one that is attract- 
ing more attention at this time, both in its scientific and in its 
practical aspects, than plant-breeding. 


It is not my purpose to recite the notable achievements that are 
to be grouped under this title, for most of them have been widely 
published, and are the common property of the scientifically in- 
telligent. Nor is it my intention to make any contribution to the 
rapidly accumulating store of knowledge in reference to this 
aspect of plants, for I am simply an intersely interested spectator, 
sitting on the bleachers but not getting into the game. It is the 
editor’s point of view rather than the investigator’s that I can 
bring to bear upon the subject. Just because so much has been 
done recently, and because so much of it has been exploited with 
wide variation in accuracy, I have thought it might be useful to 
analyze the situation briefly, and to develop some facility in dis- 


- tinguishing between the probable and the improbable. In this 


country of irresponsible and irrepressible newspapers, magazines, 
and public addresses, one needs to accumulate a workable collec- 
tion of antidotes. 

The practical aspect of plant-breeding, in a certain sense, is as 
old as the culture of plants. Long experience in the handling of 
plants slowly developed a kind of knowledge that became formu- 
lated in empirical practice. The general purpose was to improve 
old forms and to develop new ones. The improvements were 
numerous, and apparently were possible in any direction deter- 
mined by the need or taste of man. It was learned that improve- 
ments must be kept improved; in other words, that they would 
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not remain constant if left freely to nature. This was a labori- 
ous, but profitable method of plant-breeding, the method known 
in general as mass culture. The most desirable individuals were 
selected and guarded through a series of generations, until the 
desired character was built up sufficiently for commercial: pur- 
poses. This is the oldest and still the most widely used method 
of practical plant-breeding, begun by unconscious selection and 
merging into intelligent selection. Its limitations are the time and 
continuous care involved, the lack of constancy in inexperienced 
hands, and the failure to produce new and constant forms. 

In these days of the rapid evolution of the technique of plant- 
breeding, there is danger of regarding the old method as out- 
grown and therefore to be discarded. So far as we can see, it will 
never be outgrown; for general improvement will always be 
profitable. The newer methods are concerned chiefly with ex- 
tending the range of our power to secure new forms for im- 
provement. 

During all this period of plant improvement by mass culture 
and continuous selection, the so-called science of Botany was cul- 
tivating a singularly distant field. In short, Botany was not 
practical, and plant-breeding was not scientific. Therefore, bot- . 
anists on the one hand, and agriculturists, horticulturists, floricul- 
turists, etc., on the other hand, were as distinct from one another 
as if they had nothing in common. It so happened that the 
botanists were dealing with very superficial problems in a scien- 
tific way, and that the plant-breeders were dealing with the most 
fundamental problems in an empirical way. 

As in any other practice, plant-breeding developed now and 
then a very successful practitioner, who made distinct contribu- 
tions in the form of important results; but this represented no 
more of an advance than does the fact that one cook can surpass 
another cook in the art of making bread. This caution is neces- 
sary, for the results obtained empirically by skillful plant-breed- 
ers are too often ascribed to unusual scientific insight. The re- 
sult is important enough without reading into it what it does not 
contain. 

What may be called the second period of plant-breeding was 
ushered in when organic evolution began to be put upon an ex- 
perimental basis. Plant-breeding had been practical, but with no 
scientific basis ; now a new plant-breeding was established, which 
was scientific, and with no practical motive. The new motive 
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was the accumulation of data bearing upon the problems of in- 
heritance and the origin of species, probably to be regarded as 
the most important and most difficult of the biological problems. 
From the formulation of Mendel’s law, to its resurrection in con- 
nection with DeVries’ mutation theory, a decade ago, and on to 
the present day, the work of scientific plant-breeding has in- 
creased in intensity. It would be bewildering even to outline the 
results, and to do so would not aid the purpose of this address 
in any material way. 

The general result is what might have been expected. We have 
been plunged into such a maze of facts bearing upon inheritance 
and the origin of new forms, that the non-partisan is at a loss 
what to believe. Many of the investigators are so competent that 
we cannot doubt their data; it is only when they begin to inter- 
pret them that we grow cautious. In such a situation, the judi- 
cial equipoise can be maintained by several considerations. Such 
vast and difficult problems as inheritance and the origin of new 
forms can be solved only by an amount of experimental work 
that makes the work accomplished seem almost as nothing. It is 
natural, therefore, that the few points of attack should reveal 
confusing results. It is- also natural for each investigator to 
extend his own interpretation far beyond the facts upon which it 
is based. All the facts cited may be true, and all the inferences, 
when restricted to their facts, may be true also; but the time is 
yet far distant when we can weave them all together, and many 
more besides, into a common web, and get some adequate impres- 
sion of the scheme as a whole. And still, the game is worth all 
the effort, and those of us who are merely spectators must cheer 
on the combatants, even to the point of seeming to be partisans. 

Out of the maze of data and interpretations, however, certain 
conceptions are assuming a more definite form. The most sig- 
nificant of these may bé stated briefly. The advocates of Mende- 
lism seem to have explained away the majority of cases, among 
plants at least, that appeared to be contradictory, and in so doing 
have brought out with much more definiteness that elusive con- 
ception called the “unit-character.” It is much more evident now 
than it was a few years ago that the phrase “unit-character” 
really stands for something that can be manipulated. It is a situ- 
ation that needs much fuller analysis than it has received, espe- 
cially from the standpoint of physiological chemistry; and in all 
probability it must be defined presently in terms of chemistry 
rather than in terms of external morphology. 
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Another significant and clarified conception is that of Johann- 
sen’s genotypes. In brief, it is directly opposed to the idea of 
gradual change through selection, each genotype being permanent 
and unchangeable. Any selection, therefore, in connection with a 
single genotype, is ineffective; and when selection has been ef- 
fective, it means that work was begun with a mixture of geno- 
types. The practical application of this conception is obvious, 
and will be referred to later. 

What seems to be another very significant result of the scien- 
tific work of the last few years, is that obtained by Shull in his 
work on corn, showing that physiological vigor and yield are de- 
pendent upon the degree of hybridity. This is related directly 
to the genotype situation, and is of very large practical import~ 
ance. 

The third phase of plant-breeding can hardly be called a third 
period, for it is practically synchronous with the second. As a 
by-product of the work on inheritance and evolution, some of the 
scientific results have been applied to practical plant-breeding; 
and the result has been an expansion of its possibilties that may 
well be called marvelous. In short, practical plant-breeding is 
now on a scientific basis; and botany has at last attacked the 
fundamental problems and may be of some practical service, for 
it includes plant-breeding. 


Perhaps it may not be out of place to remind you of the large 
importance of this combination, for it underlies the welfare of 
human society. It is a combination of scientific research and its 
practical application in maintaining an ever-increasing food sup- 
ply over ever-extending areas. If it is the function of medical 
research and jits aplication to provide for the welfare of a cer- 
tain per cent of the population, it is one of the functions of 
botanical research and its application to provide for the welfare 
of the whole population. Nor is scientific plant-breeding, in its 
restricted definition, the sole contributor to this end, but bound 
up with it are physiology, ecology, soil investigations, pathology, 
and the whole round of interests that touch living plants. In short, 
there is now possible, for the first time, such a co-ordination of 
scientific results towards a definite end as to make rapid progress 
possible. 

It may be of service to indicate, by a few illustrations, some of 
the results of the combination of science and practical plant 
breeding. One of the first applications to be developed was the 
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production of hybrids. This term is used without reference to 
the degree of relationship between the crossed individuals. They 
may be merely different strains or they may be different species ; 
in any event, the result is a hybrid progeny. The original pur- 
pose of hybridizing was simply to multiply new forms and thus 
to increase the range of selection. It was largely chance work, 
and plants were crossed indiscriminately. So far as practical 
plant-breeding was concerned, it simply increased the chances for 
desirable results. So far as scientific plant-breeding was con- 
cerned, it accumulated a large mass of facts in reference to the 
possible range of crossing, the relative facility with which various 
plants can be crossed, the general features of hybrids, etc. 


With increasing practical experience, and with a certain amount 
of co-ordination of the scientific results, hybridizing gradually 
became more definite and approximately precise. It was in devel- 
oping this technique that plant-breeding was said to have passed 
from chance to certainty. This claim sometimes took the more 
picturesque form of statement, especially in connection with 
floriculture, that one could order any kind of plant and the order 
could be filled within a year. The technique of ordinary hybri- 
dizing probably has been exemplified most fully in the opera- 
tions of Burbank. 

The definiteness of highly developed hybridizing consists in the 
purposeful combination of desirable characters. For example, 
the size of the Lawton blackberry was combined with the whitish 
color of a small native blackberry. The purpose and the process 
were entirely definite, and the result was assured. That the unin- 
formed may not be led astray, it should be said that the resultant 
hybrids exhibit every combination of parental characters, and it 
is only when these hybrids are produced by the thousands that 
there will be any assurance that some one of them will possess 
the desired combination. In this case, chance is reduced to cer- 
tainty simply by multiplying the chances. A breeder handling 
a few hundred plants may get his result, or he may not; but one 
handling thousands of plants may be sure of it. This multipli- 
cation of chances to such an extent that the result is certain is 
probably the principal reason for such success as Burbank has 
had. It is needless to say that any control of combinations has 
not come within the range even of scientific imagination. 

It ought to be understood, however, that in most cases hybri- 
dization is a process that may put what may be called the finish- 
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ing touches upon forms already well-developed. It does not pro- 
duce new forms, but combines old ones. The combination may be 
very desirable, but the range is restricted, because the process is 
always working over the old material. 

There is a still more fundamental limitation to the usefulness 
of hybridization as a permanently useful process. Mendel’s law 
has shown that the progeny of hybrids split up in certain simple 
and definite ratios. In many cases, one half of these plants of 
the second generation are pure parent forms, and only one half 
retain the hybrid combination, and so on for each succeeding 
generation. This means that approximately only one half of the 
progeny of hybrids come true, a percentage of loss that does not 
commend the process as one of permanent value. However, there 
are two facts that save the situation and may save the process as 
a useful adjunct to more important ones. A few hybrids have 
been developed that do not seem to split; this is notably true of 
Burbank’s famous triple hybrid, the Shasta daisy. If it is true 
that some hybrids are not Mendelian, such can be made perma- 
nently useful. 

The other saving fact is much more important. Very many 
cultivated plants are not propagated by seeds, and therefore their 
hybrids are not subject to the Mendelian splitting. Propagation 
by bulbs, tubers, slips, grafting, etc., includes such a wide range 
of plants that the sphere of useful hybridization is extensive 
enough. It will be noted that most of Burbank’s combinations 
are plants that fall within this category. It touches flowers and 
fruits, chiefly; that is floriculture and horticulture; but not the 
far more important field of agriculture, where lie the fundamental 
problems of practical plant-breeding. 

Within the last three or four years, a remarkable field of 
hybridization has been opened by the researches of Winkler and 
Baur. Ordinary hybridization is effected by the sexual method, 
which means actual fusion of parental cells, and the development 
of the hybrid from a single fusion cell. All of the behavior of 
hybrids noted above is based upon this method. 

The new field introduces the production of hybrids by grafting. 
The influence of the stock on the scion is as old a question as is 
the process of grafting, but the recent researches referred to 
have uncovered the situation. If a hybrid is to be defined as the 
result of the fusion of cells from dissimilar parents, then it 
remains to be proved whether graft hybrids are true hybrids. 
But if it is to be defined as a form exhibiting a combination of 
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the characters of dissimilar parents, then grafting often results in - 
hybrids. Those who object to this use of the word hybrid call 
these combination forms chimeras. 


The subject is too new, and the facts are as yet too perplexing, 
to give to the situation its biological meaning or its possible 
practical application. One striking feature, however, may be 
mentioned as an illustration. In some of these graft hybrids, or 
chimeras, the tissues of the two parent forms remain entirely 
distinct, and are related to each other concentrically. For ex- 
ample, all of the interior of the body of a chimera may be dis- 
tinctly that of one parent, and all of the peripheral structures 
that of the other parent. In other words, such a chimera con- 
sists of one parent ensheathed by the other. The superficial 
aspect, therefore, is that of the parent form furnishing the mantle ; 
and since the sexual cells are derived from the cells of the mantle, 
sexual propagation from such a hybrid results in progeny consist- 
ing of pure forms, through and through, of the peripheral parent. 
This carries the recognition of hybrids out of the reach of 
superficial appearance or even of seedling production. Such a 
combination would stand the test of constancy applied as final 
in determining a pure race. It can hardly be doubted that we 
have been introduced not only to a fertile field for the investiga- 
tion of problems of heredity, but also to great practical possibili- 
ties in the manipulation of plants. 

A more recent application of scientific results to practical plant- 
breeding, and one that has extended its possibilities enormously, 
is the replacement of mass culture, with its continuous selection, 
by pedigree culture. This method is directly related to DeVries’ 
mutation theory, and has been developed most notably by Nilsson 
of Sweden. Not only is it really scientific plant breeding, but it in- 
cludes our fundamental agricultural crops. Nilsson found that his 
oat and barley crops, grown from pure seed in the market sense, 
which means seed developed by the old method of mass. culture, 
were very complex mixtures. That is, there was such an amount 
of variation among the individuals that they seemed to represent 
many distinct races. Among these individuals, he found repre-’ 
sented all the characters he had been trying to build up by the 
old method of continuous selection, and many more besides. 
Accordingly the desirable individuals were selected and pedigree 
culture was established. The selection of a single individual 
resulted in a progeny that usually came true. The laborious 
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method of continuous selection and building up inconstant forms 
seems no longer necessary, for the desirable forms already exist, 
and are constant; and they do not need to be built up, but only 
discovered and propagated. There is no doubt as to the enormous 
success of Nilsson with the oats and barley of Sweden; but it 
is too early to predict the applicability of this beautifully simple 
method to all other crops. 

No citizen of the United States, and especially of Illinois, could 
fail to raise the question of corn-breeding, perhaps the most 
difficult of all plant-breeding operations. Does pedigree culture 
apply here, and if so, has it achieved any important results? 
The answers to these questions are well-known to plant breeders, 
but perhaps it may not be inappropriate, in a meeting of the 
Illinois Academy, to call attention to the extremely important 
work that has been done in this state in connection with our 
greatest crop. It was one of our own colleagues, Professor 
Hopkins, who nearly fifteen years ago proved the individuality 
of ears of corn, both in physical features and in chemical compo- 
sition. That is, all the kernels of an ear have the same character- 
istics provided, of course, cross-pollination has been excluded, and 
these characteristics are constant. This is certainly individual 
selection in the strictest sense. Moreover, the range of selection 
is remarkably wide, for corn is an exceedingly variable plant, 
probably much more so than are the other cereals. This breeding 
of corn on the principle of single ear selection, through the wise 
organization of interest by Hopkins, has resulted in a great 
increase in the total yield of the state. It ought to be recognized, 
however, that while selection is made easier than in other cereals, 
on account of the great number of kernels upon a single ear, 
it is more difficult to obtain the desired result because of the 
open and prolonged pollination. With freely exposed “silk,” 
widely carried pollen, and a pollinating period of four or five 
days for a single ear, it is to be expected that some of the kernels 
will be hybrids, and these hybrids usually cannot be recognized 
unless contrasting colors are involved. This means more or less 
continuous selection in subsequent generations to eliminate the 
hybrids. It is an interesting obstacle to work against, to know 
definitely the pedigree on the female side, and to know only 
vaguely the pedigree on the male side. 


Still more recent work in the breeding of corn has developed 
some new situations. The fact has been emphasized that a field 
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of corn is perhaps the most extensive and complex mixture of 
elementary forms exhibited by any cereal crop. It is also found 
that selection down to a single elementary form, followed by rigid 
pedigree cultures through self-pollination, results in deterioration 
to a fixed level, which probably represents the normal level of 
that form. The explanation seems to lie in the fact that hybrids 
from nearly related parents are more vigorous than either parent; 
and therefore an isolated form that does not enter into a hybrid 
deteriorates to a certain point. This work suggests, therefore, 
that while pedigree culture is essential to isolate elementary forms, 
to obtain what the bacteriologist would call pure cultures, so that 
they may be recognized and manipulated with intelligence, the 
ideal second step would be approved combinations of elementary 
forms, to obtain the increased vigor of a hybrid. In other words, 
it is first isolatio:, which means individual selection and pedigree 
culture, and second recombination. 

This local illustration from our own dominant crop indicates 
that the method of individual selection, or pedigree culture, is 
sound in principle, but that its application to any particular crop 
is a special problem, involving a special technique. 

An illustration or two of the possibilities of pedigree culture 
may be of interest. The problem of resistance is one of the most 
important in connection with plant-breeding. For example, it is 
most desirable to secure resistance to such things as disease and 
drought, and individual selection has suggested a method of 
attack. 

The original method of combatting the destructive diseases of 
culture plants was to determine the parasitic form inducing the 
disease, learn its life history, and discover some means of killing 
it or of preventing its development. The incidental result of this 
method has been a gain to science in a greatly increased knowl- 
edge of the life histories of a most interesting group of organisms. 
It can hardly be claimed that there has been any gain of equal 
value to practical plant-breeders. The introduction of individual 
selection suggested a new method. It was observed that after 
the most destructive attack of a given disease, certain individuals 
would remain unattacked; and it was inferred that one of the 
characters of such individuals was immunity to this disease. 
Pedigree culture should perpetuate this character and establish 
an immune race. A certain measure of success has followed the 
experimental work undertaken to demonstrate the possibilities, 
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but new situations have developed that lead to other complications. 
For example, it is discovered that an immune race growing on 
one area may not be immune when grown upon another area; also 
that an immune race may not always be immune on the same 
area. This probably means that the tone of the plant is not the 
same under all conditions, and that as this varies the power of 
resistance varies. In this way investigations lead back to the 
physiology of the plant that is to be guarded against attack. As 
is so often said in these days, we must shift our attention a little 
from the disease-producing organism to the physiology of the 
patient, both normal and pathological. 

The original method of combatting drought was to irrigate in 
regions of perennial drought, and to take the chances in regions 
of possible drought. Pedigree culture suggested the possibility 
of discovering drought-resisting races. A case in point is the 
recently discovered wild original of the wheat in Palestine. This 
plant is certainly more resistant to drought than are any of our 
strains of wheat, which have probably been derived from it 
through many centuries of culture. It would seem easier to 
select a race already hardy, than to induce a pampered race to _ 
become hardy. Aaronsohn, therefore, in his Palestine experiment . 
station, proposes to propagate this hardy race and distribute it. 
The interest of our country lies in the fact that such a wheat 
would not only mean a surer crop in the present wheat areas, 
with their possible drought, but would also enormously extend 
the wheat area into regions of well-nigh perennial drought. A 
vision such as this is most attractive, for it deals with extremely 
important facts, with values of the highest order to the general 
welfare of the country. But it must be remembered that we are 
not cultivating wheat for its hardiness, and the first question to 
ask is as to the quality of the grain that this hardy plant produces. 
It certainly must be improved before it can replace the strains 
we have learned to depend upon, in spite of their sensitiveness to 
the accident of drought and their restricted range. This means 
long and patient and scientific cultural experiments, such as are 
being conducted by Buffum in Dakota, in the attempt to secure 
a combination of hardiness to drought, which we desire, and 
quality of grain, which we possess. I see no reason why the 
vision should not be realized, but you need not invest in arid 
land for immediate use as wheat fields. 


And now within two or three years there has come a race of 
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corn from China that is peculiar in its drought-resisting structure. 
If we know anything about the wild ancestry of corn, this Chinese 
race has arisen from American stock; and since the Chinese 
records show that it was in cultivation at a time preceding the 
“discovery of America” that we celebrate, it lies outside the field 
of a botanist to explain the method of its arrival in China. In 
any event, its peculiarities are very striking, emphasizing the 
divergent evolutionary results that may be obtained by the 
geographical isolation of a single strain or of a few elementary 
forms. The drought-resistant structure developed is of such an 
order that it would not only insure corn crops against the occa- 
sional untimely drought, but also would present the possibility of 
extending the corn area into drier regions. 

But this again is only the vision of a possibility that lures the 
plant breeder on to investigation. As in the case of the Pales- 
tinian wheat, we are not breeding corn for drought resistance 
alone, and it will take many plant-generations of the highest type 
of scientific plant-breeding to determine whether we can combine 
this drought-resistant structure with the high grade quality and 
yield we have obtained already in our cultures. 

In presenting these fleeting glimpses of the problems and the 
accomplishment of plant-breeding, I have intended to emphasize 
not only its fundamental importance to both biological science and 
agricultural practice, but also the inextricable entanglement of the 
two. Any result of scientific plant-breeding, representing as it 
must additional knowledge of the processes of evolution and of 
heredity, may become of practical service; and any result of 
practical plant-breeding, involving as it does extensive experi- 
ments with plants, may prove to be of great scientific importance. 
They are mutually stimulating, and both are necessary to the most 
rapid development of knowledge. 

It is the proper balance between the two that must be main- 
tained. The physical needs of man, great as they may be, must 
never obscure the intellectual needs of man, especially as the 
trained intellect is the speediest agent in meeting physical need. 
On the other hand, the intellectual needs of man, noble as they 
may be, must never lose sight of the fact that the speediest results 
are obtained by the enormous increase of experimental work 
under the pressure of physical necessity. 
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SYMPOSIUM ON RADIOACTIVITY. 


I. PHYSICAL PROPERTIES OF RADIUM. 
By Henry Crew, 


Northwestern University, Evanston. 


When the President of this Academy invited me, or rather 
commanded me—for an invitation implies the opportunity of 
sending one’s regrets, and this opportunity I did not have—I say, 
when the President of this Academy commanded me to say some- 
thing concerning the physical properties of radium, he was 
courteous enough and clever enough to add that no special knowl- 
edge of the subject was needed for participation in this sympo- 
sium; and said that the smaller the amount of one’s first-hand 
information, the better prepared he would be to give the desired 
“editorial point of view.” So that explains why I am here 
instead of Professor McCoy or Professor Millikan, or some other 
man who has furnished real contributions to knowledge on this 
subject, and who has thereby acquired that splendid perspective 
in science which is obtained only from one’s own individual re- 
search, a fact with which no one here is better acquainted than 
‘our distinguished president. 

If any one ever dreamed of any sharp boundary between the 
various physical sciences, the rise of physical chemistry, the more 
recent developments of dynamical geology and astro-physics. the 
entire history of radio-activity, and the award of the Nobel prize 
in chemistry to the Professor of Physics at the University of 
Manchester, must certainly have dispelled the illusion. At the 
same time, there is a general and valid distinction between those 
properties which we call physical and those which we denote as | 
chemical. This distinction rests upon the definition of physics 
as the science which deals with three groups of “over-individual 
objects,” namely, ether, electrons and matter, except in so far 
as changes of composition are involved. I shall try to confine 
myself, therefore, to such properties of radium as may be called 
“physical,” in this narrow sense of the term. 

If the discovery of a new substance were reported today, some 
of the most fundamental questions which might be asked con- 
cerning its physical properties are: 

(i) Has it weight and inertia, and do these bear to one another 
the same constant proportion as in ordinary matter? 
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(ii) Does it exhibit elasticity of both bulk and shape? Or 
does it exhibit only one of these? 

(iii) Is it, like ordinary matter, a vehicle of energy; and how 
is its radiant energy distributed? 

(iv) How does it behave as regards heat conduction? 

(v) What are its electrical properties? 

(vi) What are its magnetic properties? 

(vii) What are its optical properties? 

(viii) Has it a characteristic spectrum? 

Instead of attempting the impossible by considering all these 
various questions seriatim, many of which, in the case of radium, 
have not been answered at all, I shall ask you to consider with 
me, first, those three properties which serve to define a radio- 
active substance and which are perhaps quite as fundamental 
as any, and later, to consider some three or four properties which 
are of interest, not so much because they surprise us, as because 
they are the fundamental phenomena of radio-activity, the phe- 
nomena upon which Rutherford has established his disintegration 
theory. 

DEFINITION OF RADIO-ACTIVITY. 


‘The three defining properties which apply not only to the four , @ 


radio-active elements, but also to their various products, are: 

(i) The ability to blacken a photographic plate in the dark. 

(ii) The ability to produce phosphorescence and fluorescence 
in any appropriate body placed near the radio-active substance. 

(iii) The ability to transform our most important insulators 
of electricity—gases—into conductors of electricity. 

The first of these properties is so familiar as to need no illus- 
tration. The second is simply and clearly shown by the —_— 
scope of Sir William Crookes. 

The third of these defining properties is perhaps the most 
simply demonstrated in a manner suggested by Soddy. This silk 
tassel is really nothing more than a multiple electroscope, and as 
such is at least as early as the time of Benjamin Franklin. You 
observe that in ordinary air it remains charged for a long time; 
during an interval of one minute the amount of discharge is not 
perceptible. 

When, however, a small bit of radium—certainly not as much 
as a 1/10 milligram—is brought underneath the tassel, you 
observe that it at once begins to collapse—just as if it were sud- 
denly immersed in a conducting medium. 
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Passing now to some of the properties of radium other than 
those which are employed to define it, let us consider first its 
spectrum. 

SPECTRUM OF RADIUM. 

It was on the day after Christmas, 1898, that Demarcay* 
found in the spectrum of a few milligrams of very pure radium 
chloride, submitted to him by the Curies, a strange line, of wave 
length 3814.8 Angstrom units, a line which he was unable to 
find in the spectrum of any other substance. Later measures by 
Demarcay disclosed some ten or fifteen lines which he considered 
characteristic of radium. 

But it was not until a year later that Runge, working with 
larger dispersion and higher accuracy, banished the last doubt 
as to the elemental character of radium. 

A few weeks ago, at Minneapolis, Professor Minot defined 
science as “knowledge which has acquired impersonal validity.” 
Now while everyone entertained the highest regard for Demar- 
cay’s work, yet I believe all felt that this independent determina- 
tion of Runge’ was just what was needed to give the result 
“impersonal validity.” 

Still later Runge and Precht? mapped no less than 40 lines 
in the spark spectrum of radium-bromide, and showed that it is 
a strict analogue of the spectrum of the alkaline earths, mag- 
nesium, calcium, strontium and barium. 

The strong blue radium line at 4826. is, for instance, the 
analogue of one of the best known of all spectral lines, Fraun- 
hofer’s g, Ca 4226.; while the radium pair {3} constitute the 
analogue of Fraunhofer’s H and K. 

So strongly did chemists feel that the proper test for an ele- 
ment is the discovery of a characteristic spectrum that it was 
decided at the Paris Congress of Chemists in 1900 that no element 
should receive a name until its spectrum had been mapped. 


SELF-LUMINOSITY OF RADIUM. 

But radium emits other light than that of its spark spectrum. 
Even in its purest state, a radium salt is self-luminous in the dark. 
By placing a small particle of radium at the slit of a quartz 
spectograph and leaving it there for several days, Sir William 
and Lady Huggins® succeeded in obtaining the photograph of the 
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spectrum of this faint light, which you now see upon the screen. 

As you observe it is practically identical with the banded spec- 
trum of nitrogen as seen about the negative pole, the cathode of a 
vacuum tube. 

The natural inference, that this spectrum is due to the cathode. 
that is, to the B rays which radium emits, has been disproved ; 
not only so, but it has been shown that when radium is placed in 
an atmosphere of hydrogen it does not yield the hydrogen spec- 
trum, but continues to give that of nitrogen. 

Indeed, the origin of this nitrogen spectrum is, so far as the 
speaker is aware, an unsolved problem. It is a spectrum of very 
considerable interest, as pointed out by Sir William Huggins, 
because it is the only known case in which the ultraviolet lines 
of a gas have been obtained without the use of an electric 
discharge. 

Dr. Gordon Fulcher of the University of Wisconsin is now 
preparing to examine the effect of bombarding a fine capillary 
jet of air with a stream of canal rays. It will be interesting to 
learn whether he obtains, in this manner, the same luminosity as 
that produced by radium in the air immediately surrounding it. , 
If he does, it would seem at least probable that this nitrogen, @ 
spectrum is due, not to the B but the a rays of radium. 


SPECTRUM OF RADIUM EMANATION. 


But radium has many ways of affecting the “outside world.” 
Beside its well known a, 8, and y radiation, its arc, spark and 
flame spectra, and its self-luminosity, any one of which is suffi- 
cient to confer distinction upon an element, it gives off a heavy 
gas which Rutherford first called an emanation—and which is 
transported through the surrounding air, ionizes the air, and 
finally disintegrates into a solid, called the active deposit, at such 
a rate that in four days the activity of the gas has diminished to 
one-half. Rutherford and Royds* have taken great pains in pre- 
paring a spectrum-tube of very pure radium-emanation, and they 
find that the heavy inert gas has a characteristic bright line 
spectrum of its own, quite different from that of radium and 
quite similar to that of Helium, Neon, Argon and Krypton. 

In 1903 Ramsay and Soddy went one step further; they pre- 
pared a spectrum tube, filled it with radium emanation, condensed 
it in a side tube in liquid-air so as to avoid getting any helium 
~“¢Rutherford and Royds Phil. Mag. 16, 313 (1908). 
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with it; and in this manner succeeded in preparing a tube which 
showed no trace of helium when traversed by a spark discharge. 
But on allowing this tube to stand for several days, distinct evi- 
dence of helium appeared. The well known D, line appeared, 
followed by other less conspicuous lines. Later Dr. Giesel was 
able to photograph this spectrum which is now shown on the 
screen. The helium and hydrogen spectra are given on the out- 
side for comparison. Note that D,, which is very bright in the 
visual spectrum, is scarcely seen in the photographic spectrum; 
also that H® and Hy are present, probably in consequence of 
moisture. 

It had been already noted by Ramsay that there was evidence 
of a mineralogical nature for thinking that helium might be a 
product of uranium and radium; but I believe it is generally 
conceded that the evidence of Ramsay’s spectrum-tube and the 
photographs of Giesel first furnished the “impersonal validity” 
required for a satisfactory demonstration of this fact. 

This instability of the radium emanation which will doubtless 
be discussed by Professor Noyes, is hardly surpassed in interest 
by any recent discovery in science. Considering the emanation 
as a disintegration product of radium, one might well apply to 
it that line of Macbeth which has already been applied to 
Charles I, “nothing in his life became him so much as his leaving 
of it.” 


SPEED OF a AND B RAYS. 

From a mechanical point of view there is perhaps no property 
of radium which is of more interest than the deflection which its 
alpha and beta radiations suffer when placed in an electric or 
magnetic field. For it is this very deviation which, when once 
measured, enables one to determine, in a very simple way, the 
enormous speed with which the radium atom can expel those 
minute material bodies which Rutherford has called a-particles. 
For the B-rays, this deflection was simultaneously discovered by 
three investigators in the autumn of 1899; for the a-rays by 
Rutherford in 1902. It may, therefore, be worth while to con- 
sider the nature of the evidence for thinking that these a-particles 
—which are in all probability helium atoms—are projected with a 
speed no less than 25 million meters per second—a speed 
nearly one-tenth that of light—a speed so stupendous that, in 
comparison with it, the projectile leaving a 13-inch rifle would 
appear to be standing absolutely still. 
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The argument, first employed by J. J. Thomson in 1897, is 
very simple and makes only the following assumptions: 

(i) Newton’s Third Law of Motion. 

(ii) The ordinary equation for centrifugal force acting on 
a particle. 

(iii) The usual expression for the distance traversed by a 
particle starting from rest, and acted upon by a constant accel- 
eration; and 

(iv) The result of Rowland’s Berlin experiment. 


Let us imagine a small particle of matter of mass m, carrying 
an electric charge e, to be fired with speed v into a magnetic field 
of strength H. If the direction of motion of the particle is per- 
pendicular to the magnetic field, the path of the particle will be a 
curved line whose radius of curvature we may call r. 

Now the result of Rowland’s Berlin experiment may be 
expressed as follows: 


e 
dt 


so far as the magnetic effect of a convection current is concerned. 

And hence, in the case of this minute charged projectile we are 
practically dealing with an element of an electric circuit idx, at 
right angles to a magnetic field H. ; 

As we know from the behavior of the ordinary electric motor, 
the force on such an element—such an “inductor,” if you 
please,—is Hid, or Hev, dynes in a direction perpendicular 
to the vectors H and v. This same force, the force which com- 


pels the particle of mass m to travel in a curved path, may be 
called its centripetal force, and as such is measured by ast 
Equating them we have: 


mv 
Hev= r eee 
Next let us suppose one of these charged particles to be fired 


into an electric field, in a direction at right angles to that of the 
field. 
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Here, if we call F the strength of the electric field, the particle 
will be accelerated, along the direction of the electric field, with 


a force F e, that is with an acceleration ze 
The time occupied by the particle in moving across a length | 
of the field with a speed v is, of course, a 


Now knowing the acceleration and time, we may at once com- 
pute the measurable displacement + of the particle along the direc- 
tion of the field; for 


we have here two equations each connecting the ratio — and the 


velocity v with measurable quantities. If we eliminate — and 
v alternately, we obtain 


F 1? 
2 Hrx 
and 
e FP 
m 2H? x 


The same set of measurements enables one therefore to deter- 
mine the speed of these rays and the ratio of the charge to the 
mass for the particles which constitute them. There is therefore 
nothing whatever mysterious or recondite in the determination of 
this stupendous velocity, except in so far as all the invisible pro- 
cesses of nature are both mysterious and recondite. 

For the a-particles Rutherford found 

v = 0.25x10*° cm./sec. 
and e/m = 6000. 

For the B-rays from radium, observers have found 

v= 0.2 to 0.9 speed of light. 
and e/m = 10,000,000. + = 107 +. 

Before leaving this part of the subject it may be remarked 
incidentally that all experimental evidence, of which an enormous 
quantity has been furnished by Sir J. J. Thomson and his school, 
by Professor R. A. Millikan and others, goes to show that the 
charge of the electron, the numerator of this ratio, is constant. 
But experimental evidence® equally conclusive shows that the 
ratio e/m varies with the velocity of the particle. It is difficult 


‘Kaufmann Phys. Zeit. 4, 54 (1902). 


is 
| 
in F 2 " 
eld 2 m\v ? 
ser This is the whole story. The rest is the simplest of algebra; for : 
ned. 
at 
stor, 
you 
ular 
-Om- 
y be ; 
(i). 4 
fired 
f the | 


= 


* > 


50 ILLINOIS ACADEMY OF SCIENCE. 


therefore to avoid the inference that inertia is a function of the 
speed of the charge. 

One of the possibilities of the future—one that must be impar- | 
tially faced—is that of establishing a science of mechanics purely 
upon the dynamics of a system of positive charges surrounded 
by disembodied negative charges in rapid motion. 


HEAT EMISSION OF RADIUM. 


Time remains to mention only one other phenomenon connected 
with this bewildering element. The imagination is at once stimu- 
lated and baffled in trying to picture a mechanism capable of 
ejecting a material particle with a speed which, if maintained for 
a single second, would carry it more than half way around the 
world. And yet, I believe it will be generally conceded that of 
all the facts connected with radium and radio-active substances § 
the most striking and the most fundamental—the most marvelous 
and the most interesting—is that discovered by Curie and 
Laborde® in 1903, namely, that a radium compound has the ability 
to maintain itself permanently at a temperature several degrees 
higher than that of the surrounding neighborhood. Experiments, § 
carefully verified by German and English investigators, show 
that this spontaneous heat generation goes on at the rate of about § 
100 gram-calories per hour for each gram of radium. 

At first, it appeared as if a coach-and-four had been driven 
through the law of the Conservation of Energy. But men were not 
long in recovering faith in that great generalization; and at once 
began asking whether the radium atom was a mere transformer 
for energy, or whether it was really a magazine of energy. The 
discovery of radium emanation and its brief existence, the emis- 
sion of a-particles of enormous energy, not only by radium but 
by its products, and the absence of any other plausible source of 
energy soon led nearly everyone to view the atom as a storehouse 
of energy, a view which lies at the very bottom of Rutherford’s 
theory of disintegration. 

The upshot of the whole matter is then to leave the Energy 
Principle unimpeached as one of the postulates of all the physical 
sciences; while, on the positive side of the account, a new item 
has been added to the list of our energy sources, viz., the internal 
energy which the radio-active atom possesses independently of 
its motion or position. Rutherford has shown that the excess of 


“Curie & Laborde C. R. 136, 673 (1903). 
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temperature in radium compounds is due practically entirely to 
the internal bombardment of the mass by the a-particles. 
SOUTHERNS’ EXPERIMENT. 

Thomson has shown that the apparent mass of a moving elec- 

tron is 

where 
e= change in e. s. units. 
»=permeability in e. m. units. 
a= radius of electron. 

v = speed of light. 

Hence, if the electron moves with the speed of light its kinetic 
energy, in so far as it is due to electro magnetic mass, is just equal 
to its electrostatic energy. And in general he showed that the 
electro magnetic mass of any system is proportional to its poten- 
tial energy. 

But Rutherford’s measures have shown that in the process of 
disintegration a mass of radium gives out an amount of energy 
equal to 1/13,000. of the energy which this mass would have if 
it were moving with the speed of light. Hence one might expect 
its mass to be increased by 1/13,000. over that of an equal WEIGHT 
of non-radio active substance. 

These considerations led Southerns to swing a pendulum under 
two conditions as nearly identical as possible in all respects save 
one: in the first case the pendulum bob was filled with some 
two pounds of uranium oxide (which is about 85 per cent ura- 
nium, and supposedly about 80 per cent radium), and in the 
other case the pendulum bob was filled with lead oxide. South- 
erns” results show that if the ratio of mass to weight for ura- 
nium oxide differs from that for lead oxide, then the difference 
is less than one part in 200,000.—and very much less than that 
predicted by the theory outlined above. 


CONCLUSION. 

In concluding let me say that nothing could be wider of the 
mark, nothing more false, and therefore nothing more unfortu- 
nate, than to imagine that since our ideas of the conservation of 
energy have been widened, since our notions of atomic individ- 
uality have been enlarged, since our belief regarding the inde- 
pendence of the elements has changed, and since our conceptions 


*Southerns Proc. Roy. Soc. A. 84, 325 (1910). 
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that of an inexplicable datum of experience; I say nothing could 
be more unfortunate than for us to hastily conclude that scientific 
truth is something transient, or to think that the facts of the 
case are, as Heraclitus might say, “in a flux.” 

The granite blocks that were put in position by Lavoisier and 
Dalton, by Faraday and Helmholtz, by Joule and Maxwell, are 
just as essentially a part of the foundations of physical science 
as ever. 

Other stones have been added to the building by Roentgen, 
Goldstein, Becquerel, the Curies, Thomson, Rutherford; but 
practically nothing has been torn away from the structure erected 


II. 


RADIUM FROM THE ASTRONOMICAL POINT OF 
VIEW. 
By Epwin B. Frost, 
University of Chicago. 

When I was requested by Dr. Coulter to take part in this 
symposium my reply to him was that my remarks would be as 
brief as the chapter on “Snakes in Ireland.” 

There is no direct evidence of radium or the other radio-active 
metals, uranium and thorium, in the spectrum of the sun or in 
the spectra of other celestial bodies. But it is proper that I 
should explain why there are no snakes in Ireland. I must also 
refer to the indirect evidence of the presence of radium inferred 
from the abundance of helium in certain celestial spectra. 

The critical test for the presence of elements in celestial bodies 
is given by their spectra. If all or most of the characteristic lines 
of an element are found in the spectrum of a celestial body, we 
feel justified in asserting with great positiveness that that ele- 
ment is present. The converse, however, is not true: the absence 
of the lines of a given element from a celestial spectrum does not 
prove that the element may not be present in the body, but that 
its spectrum is for some reason suppressed. Hence the fact that 
no lines of the three elements referred to have yet been proven 
to exist in celestial bodies by no means justifies us in stating that 
those elements are not present in celestial objects. 

Professor Crew has shown you the spectrum of radium and 
of the radium emanation in the slides that he has thrown upon 
the screen. Although there were some inaccuracies in the deter- 
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mination of the lines on the part of the eminent investigators, 
particularly in England, chiefly due to the presence of impurities 
due to barium (for radium) and hydrogen and xenon (for the 
emanation), it is nevertheless established that there are two char- 
acteristic and distinct spectra for radium and for the emanation. 
There seem to be no lines common to the two spectra. But these 
lines, with all those impurities eliminated, do not correspond to 
unknown lines in celestial spectra. Hence, if radium or its 
emanation are present in the sun and stars, the conditions are not 


suitable for the development of their luminosity to an appreciable 


extent. 


The close connection of helium with radium is very remarkable, 
and may be of significance here. It seems to be established with 
almost perfect certainty that the a rays, which are spontaneously 
emitted by radium with an average velocity of some six thousand 
miles per second, actually consist of atoms of helium. Further- 
more, a quantity of the emanation which at first gives its charac- 
teristic spectrum begins in a few days to show the helium spec- 
trum. Hence helium is also developed by the emanation. 


Helium is present in the sun, as has been known since its 
discovery there in 1868, more than a quarter of a century before 
it was found on the earth. Its appearance on the sun is peculiar 
in that it is seen only as a bright line at the edge of the sun with 
the spectroscope, and does not produce dark lines, as do the other 
elements which appear as bright lines when viewed at the sun’s 
limb. Helium is also found in large prominences viewed at the 
edge of the sun with the spectroscope, but it does not rise as high 
in the solar atmosphere as do hydrogen and calcium vapors. 

If the sun were one hundred times as far away from us as it 
actually is, we should probably be unable to detect the bright 
radiations of helium in its spectrum; they would be totally invisi- 
ble at the distance of the nearest fixed star. 

There is a certain class of stellar spectra, however, of which 
helium is the principal characteristic (in addition to hydrogen, 
which is found in every celestial spectrum with hardly an excep- 
tion). These stars are called helium stars, or stars of the Orion 
type, and they are found chiefly in or near the Milky Way. When 
a series of different stellar spectra are arranged in a sequence 
merely by the similarity of spectra and gradual change from one 
type to another, without involving any theory of stellar evolution, 
these helium stars are placed by all investigators at the beginning 
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of the series. They may be called blue stars, which precede the 
white stars in the sequence. Inasmuch as the helium found in 
the earth is attributed to the radium and uranium which are in 
2 sense its parents, it might be regarded as a fair inference that 
radium must also be responsible for the abundance of helium 
in spectra of this type. I do not regard this as a necessary 
assumption, however, inasmuch as helium is a gas in some 
respects similar to hydrogen, and perhaps we are therefore not 
obliged to account for its presence as due to some other element 
any more than we are in the case of hydrogen. e 


It should be pointed out here that if radium were present in 
the sun or stars, and were giving out the alpha, beta, and gamma 
rays, it is unlikely that they would be able to penetrate either the 
atmosphere of the sun or star, or the atmosphere of the earth. 
As I understand it, the alpha rays penetrate but a few inches in 
air at atmospheric pressure; and the beta rays are soon absorbed. 
The gamma rays may readily be passed through a block of iron 
one foot thick, but the thickness of the reversing layer in the sun, 
while regarded as a very narrow stratum, will be for iron vapor 
probably at least two hundred miles, and for the gaseous elements 
many times this, up to five thousand miles or more. Hence it is “ 
clear that none of these rays would be expected to penetrate even 
the thinnest stratum in the atmosphere of sun or star. 


It is an interesting fact that helium is found with hydrogen in 
the spectrum of the temporary stars, or novae, which flash out 
occasionally in the sky. We now know that they are not very 
uncommon, and perhaps, if we could observe them all, there 
would be found at least one (or more) each year. For instance, 
a nova was discovered in Lacerta on December 30th last. It has 
been shown that it was previously a star as faint as the thirteenth 
or fourteenth magnitude. It suddenly increased probably a hun- 
dred times in brightness and was of the seventh magnitude when 
it was first observed. On February 21, 1901, there suddenly 
developed a brilliant nova in Perseus, which was for a few days 
the brightest star in the northern sky. Various hypotheses of 
collision have been advanced to account for the extraordinarily 
sudden development of these stars, but it seems to me that we 
ought to take into account the possibility that some of the immense 
amount of energy which the study of radio-activity has shown 
to be present in the molecules of even the light gases has suddenly 
been released. We do not dare to say offhand how vast the 
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amount of this intermolecular force is, but if it could be converted 
into the energy of moving masses, it would probably account for 
the forces which seem to be involved in temporary stars. 
Similarly it seems to me that we ought to take account of such 
possibility in our theories of cosmogony. We endeavor to account 
for the momentum and energy we now find in our solar system 


- and in stellar systems purely on the basis of masses of matter. 


If it shall ultimately be shown that conditions may arise which 
release the immense amount of energy in every molecule, it might 
assist in our understanding of the processes of cosmogony. 
Finally, the tests thus far of the amount of helium in the 
earth’s crust have indicated, on the assumption that all the helium 
has been produced from radium, an almost over-abundant 
amount of radio-active elements to account for the observed heat 
within the earth. The accepted view of the maintenance of the 
sun’s heat is that it is due to the contraction of a gaseous body 
at a rate of about three hundred feet in diameter per annum. 
While this theory is in accordance with the laws of gaseous bodies 
and is also in agreement with the views of many as to the evolu- 
tion of the solar system, nevertheless if the amount of radium in 
the sun is in proportion to that on the earth, as inferred from the 
abundance of helium in the earth, no doubt the supply of radium 
would fully account for the maintenance of the heat of our sun. 


III. RADIOCHEMISTRY. 
By A, Noyes, 


University of Illinois, Urbana. 
( Abstract.) 

While radiochemistry as a distinct branch of science has devel- 
oped almost exclusively during the last decade, the beginnings 
which led to this development go back more than a century. 

Toward the close of the 18th century Cavendish, by mixing air 
with oxygen, and subjecting the mixture to the action of electric 
sparks from a friction machine found, after a tedious experi- 
ment, that 1/120 of the volume of nitrogen, which he used, could 
not be converted by this method into oxides of nitrogen. He 
had in reality discovered argon, though it was a century later 
before the discovery was recognized. In 1868 Lockyer discovered 
helium by the spectroscope in the sun. Both discoveries fore- 
shadow the discovery of the noble gases by Rayleigh and Ramsay, 
and these in turn prepared the way for the recognition of helium 
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as one of the disintegration products of radium. During the 
seventies Crookes devised a large number of extremely interesting 
experiments with electrical discharges through rarefied gases, and 
laid the basis for the discovery of the Réntgen rays and many 
of the phenomena connected with electrons and radioactivity. 

In 1889 Hillebrand in Washington discovered nitrogen in 
uraninite and missed by only a hair’s breadth the discovery of 
argon and helium. In 1894 Rayleigh and Ramsay discovered 
argon and shortly afterward Ramsay completed the discovery of 
helium from terrestial materials. In 1895 Réntgen of Wiirtzburg 
discovered the penetrating radiations from Crookes tubes. The 
following year Becquerel in Paris discovered the Becquerel rays 
emanated by compounds of uranium and noted the effect upon 
photographic plates, the ionization of gases through which they 
pass and the effect upon a screen of zinc sulphide. This led in 
the hands of the Curies two years later to the discovery of radium. 

During the four years following Rutherford worked at McGill 
University, partly upon radio-active thorium, which led to the 
proposal of his disintegration theory of chemical elements, a 
theory which has since been established on a very firm founda- 
tion. Rutherford discovered in the course of his work that a gas 
with the properties of one of the noble gases results from the 
breaking down of radium. Shortly after this, in 1903, Soddy 
who had been at work with Rutherford, and who went to the 
laboratory of Ramsay in London to secure his aid in working out 
the difficult problem of identifying the disintegration products, 
succeeded in conjunction with Ramsay in establishing the fact 
that helium results from the spontaneous decomposition of radium. 

Rutherford and others have also shown that radium as it 
decomposes evolves a large amount of heat, one gram of radium 
giving 118 gram calories of heat per hour. In this way chemists 
have become acquainted with a source of energy which is enor- 
mously greater than any form of chemical action hitherto known. 
For instance, a given amount of radium emanation evolves during 
its decomposition two million times as much heat as would be 
evolved by the same quantity of electrolytic gas. 

From this time on there have been very many workers in the 
field of radiochemistry, and it has been established that the phe- 
nomena of disintegration is much more common than was at first 
supposed. The rate of disintegration is measured in the period 
required for one-half of a given element to disappear. This 
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period varies very greatly for different elements. For uranium 
it is estimated at 6,000,000,000 years, for radium 1,760 years, for 
radium emanation 3.86 days, while for the actinium emanation it 
is only 3.9 seconds. 

Recognizing that in radium emanation we have a source of 
energy of an entirely new order, Ramsay conceived the bold idea 
that it might be made use of to bring about the disintegration of 
other elements, and in 1907 he announced that potassium and 
lithium may be formed by the action of radium emanation on 
copper. A repetition of his experiments by Madame Curie has, 
however, thrown some doubt upon this conclusion. 

The discovery of radioactivity has opened up to the vision of 
chemists a whole new field of work and has introduced many 
new points of view in the science. It has also given very strong 
support for the much older notion that there is some sort of 
genetic relationship among the chemical elements. It has com- 
pelled us to revise our definition of elements and compounds, and 
to recognize that what we have called an atom is in some cases, 
and probably always, composite. The last ten years have brought 
such varied and startling discoveries, in bewildering rapidity, that 
it seems certain that we are only at the threshold of a new epoch 
in the physical sciences. 


IV. 
THE BEARINGS OF RADIOACTIVITY ON GEOLOGY: 


By THomMAs CHROWDER CHAMBERLIN, 
University of Chicago. 


To the geologist interest in the phenomena of radioactivity 
centers in the spontaneous evolution of heat that accompanies 
atomic disintegration. This interest is the more piquant because 
the source of the internal heat of the earth is one of the oldest of 
its problems and the discovery of radioactivity brings into the 
study an unexpected element. During the last century there was 
a rather general consensus of opinion that the earth’s internal heat 
was derived from the condensation of the nebula from which the 
earth was then commonly supposed to have taken its origin. This 
nebula was usually regarded either as a gaseous body or as a 
quasi-gaseous meteoritic swarm, and in either case its condensa- 


1The discussion before the Academy was extemporaneous and this paper written 
out long after is only a substitute —T. C. C. 
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tion was thought to have given rise to intense heat. The primitive 
hot and gaseous or quasi-gaseous earth-mass was held to have 
passed later into a molten globe, and the subsequent encrusting 
of this entrapped in the interior the heat supply of subsequent 
ages. This older view was still in general possession of the field 
when the apparition of radioactivity forced a new line of thought. 


_ But there was also an alternative view built on the belief that the 


earth grew up gradually by the slow accession of discrete orbital 
matter in distinction from the direct condensation of a gaseous or 
quasi-gaseous mass. In this view, the internal heat arose mainly 
from the self-compression of the earth-mass as it grew. This 
view had its origin in the grave cosmogonic difficulties that had 
been discovered in the gaseous and quasi-gaseous theories of the 
earth’s origin. Of the two rival views thus already in the field, 
the one postulated a plethora of heat at the outset and a gradual 
loss in all later time, the other postulated at the outset a more 
limited supply of heat which was increased as compression pro- 
gressed. The adequacy of such compression to give a sufficiency 
of heat was a subject of debate from the inception of the view.’ 
To the interest that naturally attaches to the discovery of a wholly 
unexpected agency, already acute because of the agent’s singular 
qualities, there was thus added piquancy in view of its inevitable 
bearings on the thermal problem of the earth’s interior and on the 
hypotheses of the earth’s origin. 

An even more fundamental though less imminent interest was 
awakened by the discovery that some of the atoms of the earth- 
substance are undergoing spontaneous disintegration and that all 
atoms may possibly be doing so and that even the permanency of 
terrestrial substance may be brought into question. However, 
matters of this ultra-radical nature cannot be discussed with 
advantage as yet for little light has been shed on the broad ques- 
tion whether all terrestrial substance is in process of disintegra- 
tion and on the complementary question whether atoms are some- 
where and somehow undergoing integration. 

If the general tenor of the studies thus far made is to be trusted, 
nothing in the field of common experience seriously inhibits the 
dissolution of the radioactive substances. It does not appear that 
even the greatest heightening or lowering of temperature or pres- 
sure that can be brought to bear either stays or hastens, in any 

*The status cf the problem of the earth’s heat as it stood — penies of 
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— bag: 5, and in Chamberlin and Salisbury’s Geology, Vol. 1 (1904), 
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material measure, the progress of atomic disintegration. Nor do 
any known changes of chemical union or disunion, of concentra- 
tion or diffusion, or of freedom or confinement seem materially 
to retard or accelerate the spontaneous dissolution. There is 
probably no warrant for an unqualified affirmation that neither 
temperature, pressure, concentration, exposure, nor combination 
affects the progress of radioactive decomposition, but no specific 
effects of a critical value have been certainly disclosed by experi- 
mentation. These conditions that so much qualify most geologic 
processes must apparently be regarded as negligible for the present 
so far as radioactivity in the earth’s crust is concerned. It 1s 
thought by the leaders in radioactive science permissible to treat 
radioactive substances as undergoing disintegration persistently 
and uniformly under all known terrestrial conditions. In the ther- 
mal problem of the earth radioactive particles may be dealt with 
tentatively as centers of heat-generation whose efficiency and 
endurance are conditioned simply by their atomic constitutions 
and their mass values. In so far as these remarkable deductions 
from experimentation may be thought to fall short of full warrant. 
weakness in equal degree must of course be held to enter into the 
geological inferences based on them; and in view of the radical 
nature of the conclusions to which they lead, we cannot perhaps 
too constantly bear in mind that the postulate of immunity to con- 
ditions is the main basis of the geologic contributions credited to 
radioactivity. But the remarkable verifications of skill and accu- 
racy that have followed the multiplication of tests furnish an 
ample warrant for a serious discussion of present deductions. 
There is strong presumption that future tests will further sub- 
stantiate present conclusions so far as their main bearings on 
immediate terrestrial problems are concerned, whatever interro- 
gations one may be disposed to indulge in regarding ulterior 
problems. 

The clue to this extraordinary tenacity of radioactive dissolution 
in spite of conditions that profoundly influence most terrestrial 
processes, probably lies in the fact that the action springs from the 
internal motions of the atomic constituents and that these are of 
‘such an intense nature and are actuated by such prodigious ener- 
gies that the influences of ordinary chemical and physical condi- 
tions are relatively insignificant. 

At the same time, the radioactive substances show a decided 
aptitude to enter into chemical combination under common condi- 
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tions. None of the parent radioactive metals is known to occur 
in the earth in a native state. In the form of compounds they 
have become widely distributed over the face of the globe in the 
course of the surface changes it has undergone. Radioactive sub- 
stances have freely entered into solution in the natural waters and 
have thus been carried wherever the hydrosphere reaches, and in 
turn they have been deposited therefrom. Their singular property 
of passing spontaneously from certain states into gaseous forms 
(emanations) and then back into the solid or liquid form, on 
definite time schedules, has caused them to be given forth freely 
into the atmosphere, and, drifting in this, to be later precipitated 
in the solid or liquid form, and this has naturally been dispersive 
in an extreme degree. Radioactive matter is therefore found in 
practically all the rocks of the surface of the earth, in practically 
all the waters, and in practically all the atmosphere. 

But this highly diffusive distribution has not been uniform. 
There have been special tendencies toward concentration running 
hand in hand with the general tendencies to diffusion, and these 


concentrative tendencies constitute a critical element in this dis- 
cussion. 


So far as the accessible part of the earth is concerned, the 
igneous rocks may be taken as the original source of the radio- 
active substances. How the igneous rocks themselves came to 
have their present content will be considered later. Whence the — 
radioactive substances came still more remotely is problematical. 
There may be even now accessions of radioactive substances from 
without the earth for aught that is known, and indeed this is 
probable, but, except in the form of meteorites whose content 
appears from the few tests made to be relatively meager,® such 
accessions are’ not yet demonstrated. 

The cycle of distribution on the earth’s surface is simple. From 
the igneous rocks the radioactive substances are dissolved and 
disseminated through the waters and carried wherever they go; 
while from both the rocks and the waters the emanations are 
given forth into the atmosphere. From the air and the waters 
in turn the radioactive derivatives are reconcentrated into the 
earth, except as their disintegration becomes complete and they 
pass permanently, in the form of helium, into the atmosphere or 
are lost from the atmosphere into the cosmic regions outside. 

The special distribution of the radioactive substances among 


*Strutt, Proc. Roy. Soc. 77A, p. 480. 
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the different kinds of igneous rocks is no doubt full of meaning, 
but as yet the determinations have not been sufficient to justify 
more than a few broad generalizations, and these must be held 


subject to revision.* It may be said safely that the igneous rocks . 


carry a higher ratio of radioactive substance than the average 
sediments. The reason for this is simple. The sediments are 
derived from the igneous rocks, and in the process of derivation 
some of the radioactive matter inevitably goes into the waters 
and into.the atmosphere, and this diversion leaves the content in 
the derivative rocks lower than that of the original rocks. If all 
the radioactive matter that is lost into the waters and the air 
were gathered into the derivative rocks, their content should equal 
that of the igneous rocks from which they came, if no account 
be taken of the loss by dissolution. 

The earlier determinations of the amounts of radium in the 
igneous rocks by Strutt seemed to show that the acidic class hold 
more radioactive matter, on the average, than the basic class, and 
a portion of the later determinations seem to support this generali- 
zation, but the determinations of Eve and Joly, which have been 
important, seem to bring the richness of the basic class into some- 
what near equality with that of the acidic, and even to make the 
preponderance of the one class over the other doubtful. The 
point of special interest here lies in the inference that, if the 
liquefaction and eruption of the igneous rocks is dependent on 
the heat derived from radioactivity, the distribution of radio- 
active substances in the erupted rocks should be inversely propor- 
tional to their temperatures of mutual solution or of fusion. But 
it must be observed that even if such a causal distribution pre- 
vailed in the rock-matter when first it took the liquid form, this 
distribution might not persist indefinitely, for selective segrega- 
tion has apparently taken place during the later processes. It is 
quite clear that the radioactivity is concentrated in some constitu- 
ents rather than others, as for example in zircon, pyromorphite, 
apatite and some other minerals, and in pegmatite and some other 


on lar; tr — of determinations of radioactivity in rock have been made b 
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rocks. The pegmatitic material, in segregating from a granitic 
magma, seems to have gathered into itself an unusual proportion 
of the radioactive substance of the parent mass. In the details 
of final distribution, therefore, the different parts of the segre- 
gated rock-material may rationally be expected to differ from one 
another and from the parent magma in radioactive content. The 
determinations thus far made, though not adequate to demon- 
strate this, seem to be in consonance with it. Much interest will 
therefore gather about the forthcoming determinations as they 
multiply and contribute their quota of evidence bearing on the 
radioactive qualities of the various species of igneous rocks. 

Among the derivative and sedimentary processes it seems clear 
that there are modes of concentration also which have given to 
different sediments different contents of radioactive substances. 
It appears from the determinations already made that the radio- 
active substances are leached out of the parent igneous rocks 
faster than the average minerals of those rocks, for weathered 
igneous rocks are found to carry less radioactive matter than fresh 
rocks. This is in accord with the aptitude for chemical change 
already noted ; and yet soils which are almost the type of ultra- 
weathered material still retain notable radioactivity, but a part 
of this is probably a redeposit from the atmosphere. In general, 
it appears that the clayey element carries more radioactive mate- 
rial than the quartzose sands or the calcareous derivatives. 


In the deep sea deposits, radioactive matter is higher than in 
the deposits of the shallow parts of the ocean. In the red clays 
and radiolarian oozes of the abysmal depths the content is 
markedly greater than in the land-girting muds and sands, or the 
calcareous oozes of mid-depths. This is assigned in part to the 
removal by selution of the lime from the original matter of the 
abysmal deposits, leaving them residual concentrates, and in part 
to the collection in the depths, in relatively high proportions, of 
phosphate-bearing relics (teeth, bones, etc.) with which radio- 
active substances are associated. It is a suggestive fact that the 
phosphatic nodules of the great deeps are highly radioactive com- 
pared with ordinary sedimentary material. A part of this is 
clearly due to the concentration of the radioactive substances 
after the phosphates were deposited, for fresh phosphatic material 
is notably less radioactive than fossilized phosphates.* 

It appears, then, that the radioactive substances on the surface 


Strutt: Proc. Roy. Soc., 80A, p. 582. 
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of the earth are subject to special agencies that lead in part to 
greater concentration and in part to wider distribution, and that 
these act co-ordinately with the general dispersing agencies that 
give radioactivity to the derivative rocks, to the waters, and to 
the air. 

If it were permissible to reason from what is known of surface 
phenomena, particularly from the broad fact that radioactivity 
increases as we go from air to water, from water to sediment, 
and from sediment to igneous rock, it might be inferred very 
plausibly that radioactivity would be found to reach its maximum 
concentration in the heart of the earth, and certainly that the 
deeper parts would be as rich as the superficial ones. This pre- 
sumption might very justly be felt to be strengthened by the fact 
that the atoms of uranium, radium, and thorium are among the 
heaviest known and that if the earth were ever gaseous or liquid, 
these heavy atoms might naturally be expected to be concentrated 
toward its center unless the viscosity of the fluid mass were too 
great to permit this, in which case the distribution should be 
either equable or indifferent to depth. 

But Strutt® early called attention to the fact that if such an 
increasing abundance exists toward the center of the earth, or 
if there were an equable distribution in depth, the heat gradient 
as the earth is penetrated would be higher than observation shows 
it to be. By computations on the data then available he concluded 
that a distribution of radioactive substance equal to that of the 
surface rocks for a depth of only 45 miles would give the rise of 
heat actually observed in wells, mines and other deep excavations. 
Later data and closer scrutiny seem to confirm the general sound- 
ness of Strutt’s inference, and to make the limitations even more 
narrow. Joly, approaching the problem from the geological as 
well as the physical point of view, and with the advantage of later 
data, reached the conclusion that radioactivity of the amount 
observed at the surface, if continued to a depth ranging from 
27 to 37 kilometers (17.2 to 23.5 miles) would give rise to heat 
equal to that implied by the loss at the surface.’ According to 
Joly, however, a complete concentration of radioactivity in a 
shell of this depth does not meet the apparent requirements of 
igneous phenomena if this be assigned to radioactivity. A deeper 
distribution of a part of the radioactive matter and a less concen- 
tration in the lower part of the crust is felt by Joly to be required 


° . Soe. 7A, 1906, p. 472, and 78A, p. 150. 
TRadionctivity mad Geology, £909, 175. 
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and he was led to this final statement: “If we said that the richer 
part of the crust must be between 9 and 15 kilometers deep, we 
cannot be far from the truth. This appears to be the best we can 
do on our present knowledge.’’* It is to be noted that these 
deductions are reached on the supposition that all the internal 
heat given out arises from radioactivity; no margin is left for 
any original heat or for secular heat from any other source. On 
the other hand, the computations seem to take no account of loss 
of heat by means of igneous extrusions. 

These remarkable deductions raise two questions of radical 


"import: 


(1) If supplies of heat are generated currently by radioactivity 
in such abundance that it is necessary to put these severe limits 
on the distribution of radioactive substances, must we abandon 
entirely all further consideration of supposed supplies handed 
down from a white hot earth or from any other form of the 
primitive earth? 

(2) Is there among the internal processes previously postu- 
lated any that provides a way in which such a concentration at 
the surface might naturally have taken place, or must we find a 
new geological process to fit the new thermal difficulty ? 

The rigor of the dilemma is softened somewhat by noting that 
the deductions of Strutt, Joly, and their colleagues are based 
simply on comparisons between the heat-generating power of 
radioactive substances in the crust and the conductive power of 
the crust. The functions of igneous extrusion as a mode of trans- 
fer of internal heat do not seem to be taken into account. This is 
not unnatural since the heat carried out by extrusive matter and 
by waters heated by igneous intrusions has not usually been 
regarded as an important factor in reducing the high temperature 
inherited by the earth under the older view. But the movement of 
igneous matter and of waters and gases heated by it has been 
made to play an essential part in the working concepts that have 
been based on the planetesimal hypothesis. There will be occa- 
sion to return to this critical difference of view. 

When the apparent excess of thermal riches arising from the 
new source was first realized an escape from the dilemma raised 
by it was sought in the natural supposition that the disintegration 
of uranium and thorium was restrained by pressure in the depths 


of the earth, and that, though present there, their activity was 


®Loc. cit., p. 183. 
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greatly subdued or possibly inhibited altogether. This plausible 
explanation was diligently tested; but the general tenor of experi- 
ments on the effects of pressure, notably those of Eve and 
Adams,* in which the pressures were carried to intensities suffi- 
cient to cover earth-pressures to the depths supposed to limit 
radioactivity and beyond, showed no appreciable restraint on the 
disintegrating process. It seems necessary, therefore, in the 
present state of evidence, to accept the inference that the radio- 
active substances are really concentrated toward the surface, and 
that the radioactive content in the depths of the earth is of a 
much lower order. 

It does not fall to me to adjust the new requirements to the 
older view of the earth’s internal temperatures based on a molten 
_ earth, for other considerations led me to the abandonment of this 
view before the advent of the new issue. I must leave to those 
who hold to the molten hypothesis to battle with its new perils. 
With such a plethora of heat at the start as a molten earth implies 
and with a new agency whose current production of heat would 
seem to be excessively great if its prevalence were not construc- 
tively minimized, it is not with regret that I feel absolved from 
the task of finding a reconciliation between this venerable view 
and the requirements of juvenile discoveries. 

The discussion of Professor Joly,’® though not explicitly based 
on the theory of a molten earth, is sympathetic with the general 
tenets associated with such an earth, and his treatment may be 
taken as offering the best approach to a reconciliation that seems 
now possible. 

It is interesting to note, however, that when Professor Joly 
reached the critical question of a possible mode by which the 
surface concentration of radioactivity could have come about 
(Radioactivity and Geology, p. 184) he turned to the accretion 
or planetesimal hypothesis. While he indicated the central line 
of action on which the concentration might have been accom- 
plished he left without elucidation the line of reconciliation be- 
tween the heat gradient postulated by the planetesimal view and 
the gradient he deduces from radioactivity. 

It is the chief purpose of this paper to set forth what seems 
to me to be the true harmony between the new light shed by radio- 
activity and the tenets of the planetesimal view as shaped by me 
before the discovery of radioactivity and to show the co-ordina- 


°N , 1907, p. 269. 
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tion of the planetesimal and radioactive agencies in jointly leading 
to the results observed. To this end it is necessary to sketch with 
some care the thermal features of the planetesimal view in the 
form to which preference was given from the start, so that it may 
be clear just what part radioactivity plays in the assigned co- 
operation. 

On the assumption that the earth grew up by the accession of 
planetesimals, whatsoever heat arose from the condensation of the 
nucleus about which the growth took place centered in the inner- 
most parts and can affect present surface phenomena only by 
transfer. The infalling matter that is supposed to have built up 
the earth to its mature size must have generated much heat by its 
impacts, but as the infall is held to have been slow and as this heat 
was superficial, it may be assumed that it was largely radiated 
away before it became so deeply buried as to be permanently 
retained, and so the most of the heat of impact may be regarded 
as negligible." In the original shaping of the planetesimal 
hypothesis (before the discovery of radioactivity) the main 
source of internal heat was made to spring from the compression 
which the deeper parts of the earth underwent by the increase 
of its mass as the planet grew to maturity. This chief source was 
supposed to be abetted by heat springing from the rearrangement 
and recombination of molecules within the mass as time went on. 
Changes in the distribution of the heat after it was developed were 
supposed to follow by means of conduction and especially by the 
transfer of hot fluid matter carrying latent heat. 


It is important to the present discussion to note that the heat 
generated by pressure did not affect the outer part and that it 
only began to be sensible when those depths were reached at 
which the rocks suffered appreciable compression from the weight 
of the rock-mass above them. Thus the heat gradient so gen- 
erated would rise only slowly in the outer part of the earth and 
faster in a systematic way toward the center for a considerable 
depth, if the compressibility of the rocks remained uniform to 
indefinite depths. If the compressibility fell off as compactness 
increased the rate of thermal rise toward the center would have 
been slower. Compressibility at the surface seems to be nearly 
proportional to pressure, but the compressibility of rocks after 
they have been compacted by such pressures as are attained at 
considerable depths is unknown, and it is necessary to proceed 


UGeology, Vol. I, p. 533, Chamberlin and Salisbury. 


Thal 
i 
a7 
ati» 
| 
it 
4 
i 
” 
| 
4 
4) | 
| 
4 
=i 


SYMPOSIUM ON RADIOACTIVITY. 67 


here by alternative hypotheses. The extrapolation of the known 
fact under experimental pressures is of course entitled to prece- 
dence and this alternative was used as the basis of the first 
approximation to the heat curve of the earth’s interior. For the 
other factors, such as specific heat, necessarily taken into account 
in the computation, assumptions as near to known facts as possi- 
ble were made. On these assumptions it was found that the heat 
generated between the surface and the center of the earth may 
be represented by a curve which rises at a very low rate near the 
surface and is followed by a slowly increasing rate for about one- 
third the distance to the center, beyond which it rises at a decreas- 
ing rate to the center; or, if traced from the center outward, this 
computed curve of temperature declines faster and faster at every 
step for about two-thirds of the distance and then declines less 
and less rapidly to a vanishing point near the surface. Hence, if 
conductivity be assumed to be the same at all depths, the outward 
flow of heat on such a gradient would increase in rate from the 
center to the two-thirds point and then grow slower toward the 
surface, from which it follows that, on these assumptions of uni- 
form compressibility and uniform conductivity taken by them- 
selves, the internal heat should have been progressively lowered 
in the deep interior and raised in the more superficial parts. The 
conductivity of rocks is so very slow, however, that its effects at 
the surface under the conditions named cannot have been large 
up to the present unless the earth is much older than even radio- 
activity seems to imply. 

This first approximation to a theoretical curve of heat, even 
when modified by conduction, has not been supposed to represent 
the actual distribution of heat at the present time, for reasons 
that follow. 


There is ground to think that compressibility falls off as 
increased degrees of compactness are attained. In working out 
the curve which was published in Vol. I of Chamberlin and Salis- 
bury’s Geology, p. 566, Dr. Lunn used as a guide the Laplacian 
law of density which postulates that density varies as the square 
root of the pressure. This distribution of density harmonizes 
fairly well with such astronomical tests as are available and gives 
a mean density for the earth which is near that required by the 
earth’s total weight. The assumption that the increased density 
of the interior is all due to compression, however, makes no 
allowance for the probable transfer of lighter matter to or toward 
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the surface by extrusive action which would tend to increase the 
mean specific gravity of the residue. The curve of Dr. Lunn may 
be regarded as a second approximation.’* But this, as noted, does 
not take into consideration the effects of liquefaction and extru- 
sion and these, in the planetesimal view, are of the first order of 
importance. The theoretical curve mathematically deduced by 
Dr. Lunn is, however, an indispensable basis for a third approxi- 
mation in which the effects of liquefaction and extrusion are 
taken into account. 


Before passing on to consider liquefaction and extrusion, it is 
well to note that the Lunn curve based on the Laplacian law of 
density also is low near the surface and that its rate of rise is 
much below that of the temperature gradient observed in wells and 
mines. Dr. Lunn, on assumptions carefully specified in his dis- 
cussion in the paper cited, found the rise in the first 200 miles 
only 330° C. 

This low development of heat in the outer part of the earth 
seemed at first thought to present a difficulty of a rather serious 
nature, but it was believed to be met by the effects of liquefaction 
and extrusion, and these were made the chief basis of an addi- 
tional approximation to the actual temperature curve (Vol. I, 
Chamberlin and Salisbury’s Geology, pp. 265-67). It was held 
that the rising heat of the interior would reach the temperatures 
of fusion or of mutual solution of some ingredients in the mixed 
material much earlier than that of other ingredients, and that the 
ascent of the portion that became molten carrying its latent as 
well as sensible heat into the cooler outer zone would necessarily 
raise the temperature of that zone. It was held that the continua- 
tion of this process served as a constant influence tending to retard 
the rise of témperature in the deeper zone where the partial 
liquefaction was in progress while it progressively raised that of 
the outer zone into which the liquid rock was intruded, whether it 
lodged in the crust or passed through it to the surface. This 
extrusive process was supposed to have continued to the present 
day and to have resulted in a permanent adjustable working curve 
of accommodation between thermal, fluidal and mechanical condi- 
tions. This curve, except in the cool crust, was essentially identi- 
cal with the fusion-solution curve, whatever that might happen 

ysical Theory. Under’ the Planctessmal Hypothesis, Sexton st ‘and Other 
No. 107, Carnegie Institution of Washington, 


figure of curve see also Geolo gy, Chamberlin 
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to have been for the time being under the local conditions of 
pressure, state of strain, nature of material, means of escape, and 
other properties that affected liquefaction and extrusion. It was 
regarded as essentially a curve of equilibrium between solidity 
and liquefaction accommodated to the conditions present at each 
depth and at each stage and was maintained automatically. The 
actual curve as thus assigned continued always to be essentially 
the liquefaction curve after that was once attained.* The view 
excludes automatically all internal temperatures higher than the 
local liquefaction temperatures and of course excludes all perva- 
Sive gaseous conditions except that of the interspersed and 
occluded gases of the mixed mass. These interspersed gases 
assisted extrusion and hence were among the parts most freely 
extruded. All theoretical inferences based on temperatures 
higher than the temperatures of liquefaction are excluded from 
consideration under this view by its very terms. 

Certain structural conditions postulated by the planetesimal 
hypothesis greatly favored this automatic action. The infalling 
matter was assumed to have built itself up in a very heterogeneous 
manner with the result that the mass of the earth was an intimate 
mixture of all the kinds of material that made up the spiral nebula 
from which it was supposed to have been gathered. As this mixed 
matter was heated by compression, some parts of it must certainly 
have reached temperatures at which they could go into mutual 
solution or into fusion while as yet other closely associated parts 
had not reached temperatures that permitted such action, and as 
the rise of temperature was very slow by the terms of the hypoth- 
esis the passage of successive parts into liquefaction was widely 
separated in time. Fluid parts thus came temporarily to be inti- 
mately mixed with solid parts. These fluid parts, in the act of 
passing into solution or fusion absorbed the necessary energy of 
liquefaction at the expense of the increasing supply. On their 
ascent into the crust they heated it. If they lodged there and 
resolidified they gave up their heat of liquefaction. If they 
reached the surface the residue of heat, both sensible and latent, 
was lost. By such liquefaction and transfer these portions served 
to protect the residue in the deeper parts from liquefaction for 
the time being and the continuation of the process extended the 
protection to such residue as continued to persist. 

It is not necessary to offer evidence that ascent of liquid rock 


BLoe. cit., p. $67. 
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took place in great quantities in the early geologic ages and has 
been more or less active in all ages down to the present. One 
of the extraordinary facts of the Archean terranes is the extensive 
lodgment of liquid rocks in the crust, and even in later ages batho- 
litic phenomena have attained surprising magnitudes. The extru- 
sion of molten rock at the surface was a very pronounced 
phenomenon as late as the Tertiary, and is still an active process. 
As this extrusive action was widely distributed over the surface 
at various altitudes and at various stages through great lapses of 
time, and yet was never really very massive when measured in 
terms of earth-volumes at any one time or place, it is of critical 
value here to note that the view built on the planetesimal hypothe- 
sis appeals to a special set of conditions of liquefaction and 
extrusion which are peculiarly favorable for selective work in 
small masses and unfavorable for general liquefaction. In this 
respect the conditions it assigns stand somewhat in contrast with 
the conditions usually asumed to be the natural inheritances from 
a general molten condition. The inference that general liquefac- 
tion would take place on any general rise of heat is natural enough 
in a case in which the whole mass has been solidified from a pre- 
vious molten state, for such a mass might be presumed to return 
massively into its former state on a reversal of conditions; but 
the heterogeneous condition of the mixed matter of the interior 
postulated by the planetesimal view is not favorable to a simul- 
taneous fusion of the whole mass or any large continuous part of 
it unless extrusion be restrained until a high temperature is 
attained. Such restraint is here held to be dynamically incon- 
sistent with the mechanism and the stress conditions of the earth 
body. In addition, therefore, to such a mixed state of material 
in the interior as to peculiarly invite selective liquefaction as the 
temperature slowly rose, the planetesimal view postulates a set 
of stress agencies that worked co-operatively to effect extrusion 
as fast as liquid matter accumulated in workable volume. 


In considering stress effects, it is necessary to scrupulously dis- 
tinguish between hydrostatic stresses which operate equally on all 
sides of a given unit and so only produce compressive and like 
effects, and differential stresses which promote movement and 
change of form. The effect of differential stresses on the solid 
parts of the earth is primarily to produce strains; the effect on 
liquid parts is primarily to produce flow and relocalization. And 
so by reason of this difference of effect, a general differential 
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stress on any large part of the earth is apt to become locally sub- 
differentiated when solid and liquid parts are intermixed, especially 
if the liquid and solid states of these parts are partially inter- 
changeable because their temperatures lie so close to the line of 
equilibrium between solidity and liquidity. Tensional strains 
promote liquefaction in bodies constituted as most rocks are ; com- 
pressive strains resist liquefaction in such bodies. And so general 
differential strains co-operate with temperature in promoting or 
in restraining the passage of matter from the one state to the 
other, according to the nature of the strain, and thus have some 
influence in directing and facilitating movement as well as in 
forcing it. 

Some of the differential stresses in the earth are essentially 
fixed and constant, such as the direct pressures that arise from 
the action of gravity. These stresses range from one atmosphere 
at the surface to about three million atmospheres at the center. 
Such pressures tend to force lighter bodies toward the surface 
while heavier bodies seek the center in ways so familiar that we 
need not dwell on them, nor on the fact that, since molten rock is 
usually lighter than the same rock in a solid state, this static 
differential stress of gravity presents a general condition that 
favors the ascent of liquid rock. So also the incorporation or gen-" 
eration of gases in liquid rock tends to lessen the specific gravity 
and increase the mobility and hence the gaseous element adds 
another general influence that favors ascent. 

In addition to these very general and persistent stresses, more 
special differential stresses have arisen at various times from 
inequalities of accession, from transfers of matter, from loss of 
heat, and from other varying agencies and these have been present, 
in one form or another, at nearly all times in the earth’s history. 
They have often been cumulative until they reached diastrophic 
intensity and manifested themselves in impressive deformations. 
That these have been effective agencies in forcing the movement of 
liquid parts within the earth in the lines of least resistance and 
of best accommodation to existent conditions, is scarcely debatable. 

In addition to the simple stresses of gravity and to the diastro- 
phic stresses, there have been superposed at all times a series of 
stresses of a rhythmical pulsatory nature acting throughout the 
body of the earth. The nature and function of these have not been 
so generally recognized. These stresses are derived from the 
differential action of the gravity of neighboring bodies, particu- 
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larly that of the moon and of the sun. Tidal and tide-like stresses 
and strains have swept through the earth’s body in a constant 
cycle bringing to bear on each part a perpetual succession of com- 
pressive and tensional stresses and strains alternating with one 
another. The effect may be pictured as that of a minute knead- 
ing of the earth-body. There is not only a superposition of pul- 
sating strains on the more static strains, but a superposition of 
pulsating strains on pulsating strains. The pulses of the twelve- 
hour body tides are overrun by tides of longer periods, and these 
are attended by shifts of direction of strain, all of which tend to 
knead the mixed matter to and fro and promote insinuation of the 
liquid part along the lines of escape. 

Underlying all these rhythmical strains there has been ever 
present a variation in intensity from center to surface. Sir George 
Darwin has shown that the tidal stresses generated by the moon at 
the earth’s center are eight times as great as those at its surface. 
Each compressive strain squeezes the lower part of each liquid 
vesicle or thread more than the upper part. 

The co-existence of these pulsatory and periodic strains with 
the simple static stresses of gravity and the less constant dias- 
trophic stresses sufficiently implies their co-operative nature. All 
these three classes are either differential stresses or have factors 
or phases that are differential, and so, in specific local application 
they are all transformed into sub-differentiational effects on the 
liquid and solid parts. 

Under the planetesimal view the joint effect of these differential 
stresses and their resulting strains has been at all times to force 
toward the surface liquefied rock as fast as it gained workable 
volume. Much aid in insinuating itself along liquid lines and in 
fluxing a mofe open path until the fracture zone was reached, was 
assigned to the mixed nature of the material and to the local 
strains imposed by the stress agencies. The whole picture centers 
on the fundamental dynamic proposition that energy in mobile 
and expansive embodiments seeks the surface, while its fixed 
embodiments are forced more firmly together toward the center. 

The extrusion is held to have begun as soon as the susceptible 
matter took the mobile form. Possible exception is admitted in 
the case of matter that may have been too dense to be forced to 
the surface. However, a high density of small masses enmeshed 
in masses of less density could only contribute to an average effect 
so long as a high state of viscosity was retained, and a relatively 
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high viscosity for the small mobile masses naturally arose from 
the close balance between the liquid and solid states. Such a con- 
dition seems equally to be implied by the remarkable mixtures of 
dense and light matter often seen in the igneous rocks.** 

The matter forced early to the surface is held to have been 
buried by later accretions to the growing planet, to have later 
been subject to a second liquefaction and extrusion, a second 
burial and so on. Progressive selection and reselection are postu- 
lated until the growth essentially ceased. Since then a more 
complete selection and concentration of the eutectic material at 
the surface has been in progress as far as further generation of 
internal heat has furnished the actuating agency. 

Now if this picture in its working details and in its rather 
sharp antithesis to the older view is clearly in mind, the part 
which the radioactive substances may be supposed to play in 
co-operation with this mechanism without changing the general 
conception is little less than self-evident. The radioactive particles 
are sources of self-generated heat. Under the planetesimal view 
the radioactive substances were promiscuously scattered through 
the mixed mass as it was gathered in heterogeneously from the 
nebula by the crossing of the-planetesimal orbits. No original 

* segregation of this class of matter more than of any other heavy 
material is assignable. The relative amount of the radioactive 
matter, at least of the classes now known to be radioactive, must 
have been extremely small and its influence on the specific gravity 
of the matter with which it was mixed must have been negligible. 
The self-heating effects of these disseminated particles were neces- 
sarily expended first upon themselves and next upon adjacent 
matter and, other things being equal, this home-made heat should 
have given these parts precedence in passing into the mobile state. 
Normally the mixed units that enclosed a radioactive particle 
should have been as susceptible of partially passing into the liquid 
state as similar units that were free from radioactive matter. The 
special source of heat should have turned the balance in favor 
of the unit immediately surrounding the radioactive particle. 
Thus the radioactive matter normally became involved in the 
mobile matter and passed with it to or toward the surface. 

With every stage in the growth of the earth and with every 
reburial of the radioactive material, a second similar preferential 
action should have followed. On the essential completion of the 


UChamberlin and Salisbury’s Geology, Vol. II, pp. 121-2. 
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growth of the earth a more complete concentration of the self- 
heating matter should have followed for additional weighting by 
accretion had essentially ceased and compression had become 
essentially static while the self-heating competency of the radio- 
active matter, though no doubt somewhat reduced by consump- 
tion, was probably more efficient relatively in the production of 
heat than it had been during the more active stages of growth. 


It seems clear, therefore, that at all times after the volcanic 
process was well under way, radioactivity should have been rela- 
tively most active in the outer part of the earth and should have 
become especially so in the latest stages of the earth. It is there- 
fore not too much, perhaps, to claim that a specific basis in favor- 
able conditions and a definite working mechanism for an effective 
concentration of self-liquefying matter at the surface was postu- 
lated in a singularly apt way before radioactivity was discovered, 
and quite irrespective of the dilemma which its discovery has 
involved. 

Reciprocally, radioactivity greatly eases the burden laid on 
compression in the outer part of the earth where it is least compe- 
tent and where resort was had to igneous intrusions from below 
to give the crust its observed temperatures. With the addition of 
the new thermal agency the intrusions are presumed to play much. 
the same part as before, but more actively, as they must now be 
supposed to meet the liquefying effects both of compression and 
of radioactivity. If there was ground before to question the 
efficiency of compressional heat, aided by such other sources as 
were formerly assignable, to give rise to the high degree of igneous 
activity that marked the Archean ages and to sustain the lesser 
igneous action of later periods down to the present, this doubt is 
amply resolved by the combined efficiency of compression and 
radioactivity. In any case it is certain that a large amount of 
energy has been brought to the surface and radiated into space. 

Radioactivity also comes to the aid of other agencies of extru- 
sion in the peculiar service it renders in opening a path for the 
outward movement of the liquid matter. In the liquefying 
process, as we have seen, the radioactive particles should have 
been gathered by their self-heating action into the liquid vesicles 
and have been forced outward with them. The self-heating prop- 
erty thus became an endowment of the liquid and gave to it 
thermal efficiency in dissolving and fluxing its way. This efficiency 
was continually renewed by the progressive disintegration of the 
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radioactive atoms. It is not improbable that the liquid threads 
were thus aided in a very special way in boring upward, for it 
seems obvious that the part of the liquid which carried most of 
the self-heating constituent would come to have the highest tem- 
perature, the lowest specific gravity, and the largest gaseous fac- 
tor—for the disintegration produced gas emanation and helium 
in addition to the gases generated by the heat alone—and would 
hence take the uppermost position and bring its liquefying influ- 
ences to bear on the solid matter which lay between it and the 
surface toward which it was pressed. The very mechanism may 
thus have kept the most effective part at the point most critical to 
its ascent. 

While this outline falls far short of an adequate discussion of 
the relations of radioactivity to the planetesimal hypothesis, it will 
perhaps suffice to point out the line of co-operation of the new 
thermal agency with the new genetic hypothesis. The two seem 
to co-operate happily. Jointly they seem to furnish a promising 
basis for a revised thermal geology in harmony with accumu- 
lating geologic data in various lines and with the growing evidence 
of the elastic rigidity of the earth body as a whole. At least the 
concentration of the radioactive substances at the surface seems 


* to be aptly explained, and the mechanism that conserves the solid- 


ity of the earth falls into consonance with the new experimental 
evidence of an elastico-rigid body-tide which seems scarcely less 
than decisive. 


V. THE BIOLOGICAL EFFECTS OF RADIUM. 
By WILLIAM ALLEN Pusey, 
University of Illinois. 


Among the first discoveries. made after the production of con- 
centrated radium salts was that radium is capable of causing 
intense effects upon living tissues. We were not unprepared for 
such a discovery in the case of radium, because similar phenomena 
had been observed early in the study of X-rays. In the case of 
X-rays the discovery had been totally, and very unfortunately, 
unexpected. The early burns from radium were of the same 
character as X-rays burns, and later detailed study has shown 
that the effects upon tissues of the two agents are practically 
identical. An appreciation of this fact is useful at the outset of 
a consideration of the biological effects of radium; it gives one at 
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once a large number of analagous facts that have been well studied 
and, because of the more extensive study that has been made of 
the biological effects of X-rays, enables one to correlate more 
satisfactorily some of the isolated observations upon the actions 
of radium. Because the gross effects of radium, which furnish 
us many valuable facts, can be studied in the skin, and because 
the effects upon the various tissues of the skin give us the most 
comprehensive view of the biological effects in general of radium, 
it is conducive to clearness to consider first the effects of radium 
upon the skin, meaning by the skin in this connection the human 
skin or skin of similar structure of other animals. 


When the human skin is exposed for a sufficient length of time 
to an active radium salt a peculiar and definite reaction is set up, 
of which the first striking feature is that it does not develop until 
after a relatively long period of quiescence—as a rule about two 
weeks. In a skin containing a considerable amount of pigment, 
there is first an increase of pigment, shown by an ordinary 
“tanning” of the exposed surfaces. If there are any freckles or 
pigmented spots in the exposed area, these become darker. Along 
with this pigment stimulation there occurs a reddening of they 
skin, with a feeling of irritation and burning such as one has from» 
sunburn. The reaction may stop at this point and after a few 
days gradually subside; the redness and irritation diminish, there 
is some scaling from the surface, and in a few days more no evi- 
dence of the reaction remains, except the increased pigmentation 
which, like other pigmentation, is very slow to disappear. 

In this reaction we have had simply the familiar picture of 
sunburn. But the process, in many cases, goes much farther, and 
there occurs a reaction which is peculiar to X-rays and radium. 
After the development of an inflamed, reddened area of skin the 
surface becomes intensely congested, purplish, and blisters form. 
At the same time, or before, the hairs loosen and fall out. Next, 
the blisters rupture and leave a surface covered by a necrotic 
pellicle, like a diphtheria membrane. And the reaction may go 
still further, with the formation of an ulcer whose striking char- 
acteristics are its painfulness and its extreme indolence, showing, 
it may be for months, no tendency to regeneration. The process 
may stop at any of the stages described above. If subsidence 
occurs short of ulceration the skin may again become normal, but 
after the severe reactions without ulceration, and after ulceration, 
when healing takes place there may be very distinct permanent 
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changes in the skin. The hairs grow sparsely or not at all; the 


pores are very fine or absent, from destruction of the glands of 
the skin; the skin is thinned, with here and there roughened, 
horny points or patches up to the size of a finger nail, and the 
surface is reddened from numerous dilated capillaries which 
show through the thinned horny epidermis. 

We have here as a result of these powerful forms of radiant 
energy, a picture of extreme interest. The condition is in fact 
an exact, sometimes an exaggerated picture of the atrophic senile 
skin, with its dilated blood vessels and senile keratoses. As a 
matter of fact the picture is so nearly that of senile skin that I 
was able, in the case of X-ray lesions, to predict that cancers of 
the skin would be found to develop in them because the keratoses 
of old age are so frequently the starting point of cancers. It 
would take us too far from our subject to give all the reasons for 
the idea, but the identity of chronic radium and X-ray changes 
in the skin with those of the senile skin, strongly indicate that the 
senile changes of the skin are in good part the result of the less 
powerful action over a long period of years of sunlight. Another 
fact, that is beside our topic, is highly interesting in this connec- 
tion. Cancers develop in the keratoses of X-ray and radium 
dermatitis, and in them we have one form of carcinoma which is 
directly traceable to its exciting cause; and only by bringing in a 
deus ex machina in the form of later infection can one avoid the 
conclusion that at least in these lesions we have cancer which is 
not of microbic origin. 

When radium is applied to various pathological lesions in the 
skin the same phenomena occur that are seen in healthy skin, with 
the addition that under proper precautions selective destructive 
effects may be produced upon the diseased tissues. Take for 
illustration, nodules of tuberculosis or of carcinoma or sarcoma 
(cancer) in the skin. With proper care in grading the applica- 
tions a reaction may be produced which will cause these tissues to 
be entirely destroyed, while this reaction is not sufficient to destroy 
the normal stroma in which they are situated, or, if it does destroy 
the normal tissues in the involved area, they will regenerate with 
the formation of healthy scars. It is also found in itching and 
painful conditions of the skin that the applications have a definite 
anaesthetic effect. 


The microscopic changes in tissues undergoing a radium reaction 
are even more interesting than the gross changes. In the early 
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stages of radium irritation sections show evidences of prolifera- 
tion of the tissue elements, such as indicate an over-stimulation of 


(ee the cells by a peculiar irritant. These changes are most marked 
ett in the tissues of greatest functional activity. At first there are 
Tevet | | an increased production of pigment, and an exaggerated prolifer- 

a ation of the germinal and younger (deeper) cells of the epidermis, 


and especially of the follicles of the epidermis; in the corium, or 
body of the skin, there are dilatation of the capillaries, an infiltra- 
aN tion of round cells, and.oedema—the changes of inflammation. 
Vata | Later the changes become exaggerated; there is proliferation of 
Hi the inner layer of the blood vessels (an obliterating endarteritis) ; 
Ht the round-cell infiltration becomes intense; the connective tissue 
ih fibres are oedematous and stain poorly. In the epidermis the 
ail: eells show extreme degenerative changes; they become vacuolated, 
eee the nuclei are fragmented, there is degeneration of the cytoplasm 
a | so that stains are taken poorly, and complete breaking down of 
ith it i many cells; these changes are especially intense in the highly 
ue it specialized and active cells of the appendages of the skin—the 
Hi hair follicles and the sweat and sebaceous glands—and they may 
mA result in the obliteration of these structures, a phenomenon which, 
aie occurring as it may without destruction of the surrounding tissues, 
ae) 4) is not produced by any other known agent. In the last stage in a 
i radium reaction there is necrosis of the affected tissues, the con- 


nective tissue stroma being the most resistent and last to break 
down. 


In diseased tissue in the skin such as epithelioma (cancer) and 
lupus (tuberculosis), there is the same sort of reaction; it is also 
found that the pathological tissues which are composed of grow- 
ing cells, often of embryonic type, react in the same way as the 
active sensitive tissues of the normal skin. They are more sensi- 
tive to the effects than the stroma in which they are growing, 
disintegrate or degenerate readily, and are destroyed before or 
without destruction of the connective tissue around them. 

It is evident in this process that we are dealing with an agent 

Hg » whose results are produced by influencing the biological processes 
of the cells themselves. The effects are not produced by an 
immediate destructive action of the rays, as a heat burn for 
example is produced. There is no immediate effect from the 
ih |. application of radium; it is only after days, it may be two or 
are three weeks, that the effects appear. The inference is that the 
radiations set up some process in the tissues which itself ends in 
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their destruction. The whole process is one of exaggerated stim- 
ulation of the activity of the cells of the tissues; a stimulation 
which varies in degrees with the degree of specialization or func- 
tional activity of the different type of cells. In its slightest 
degrees it is the ordinary protective process that occurs under 
exposure to sunlight, but under the unusual and extreme irritation 
of this artificial form of radiant energy the reaction becomes 
destructive. 

Since the effects of radium have had therapeutic application, 
it may be interesting to pause to consider briefly this aspect of 
the subject. 

As I have suggested, the effects of radium are to a degree 
selective, in that they excite the intensest reaction in the cells of 
great functional activitiy, whether this be in the exercise of a 
special function or of the simpler function of growth. Thus 
there is produced by radium: 

(1) An exaggerated effect upon the highly specialized struc- 
tures of the epidermis, viz., the hair follicles, and the sebaceous 
and sweat glands, and likewise upon the basal or germinal layer. 

(2) An endarteritis or proliferation of the lining membrane of 
the blood vessels, which may-lead to obliteration of many blood 


"vessels. 


(3) Destruction of masses of diseased tissues, which are com- 
posed of young growing cells or immature cells. 

These effects upon tissues suggest the possible use of radium 
for various therapeutic purposes, as follows: 

(1) To effect the tissues by stimulating them. This has been 
used in an empirical way in the treatment of various chronic 
inflammatory processes in the skin, usually of uncertain origin. 

(2) To destroy or diminish the follicles of the skin, particularly 
the hair follicles. This principle has had practical application 
with X-rays, but because of the small quantities available, not 
with radium, except in the treatment of hairy naevi or birthmarks. 

(3) To obliterate blood vessels in the skin. This has had 
practical application, with very successful results, in the treat- 
ment of vascular naevi or birthmarks. 

(4) To destroy pathological tissues. This use is of course 
possible of wide application, and has been successful in various 
diseases of the skin and the adjacent underlying structure, espe- 
cially in carcinomas and sarcomas (cancers). Its limitation in 
cancer is that it is only effective upon such lesions as can be 
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directly exposed. As the action is to a degree selective, radium 
and X-rays have had very valuable practical uses in these diseases. 

(5) Finally the anodyne effect of radium has had some appli- 
cation in the relief of itching and of pain. 

The therapeutic uses of radium are obtained from the above 
indications. The indications which might seem to be derived from 
the effect upon other organisms, especially upon bacteria, yet to 
be considered, have not increased the practical application of 
the agent. 


Experiments upon other mammals have added little to the facts 
given above. Experiments on rabbits have shown that exposure 
to the radiations cause anaesthesia in peripheral nerves (Beck), 
confirming a fact established by clinical experience. Danysz and 
Bohn have shown that the nervous system of certain young ani- 
mals is peculiarly sensitive to the effects of radium, exposures so 
arranged as to reach strongly the cerebrospinal axis causing pare- 
sis, ataxia, convulsions and death. These phenomena, with nega- 
tive controls, were elicited in mice, which proved most sensitive, 
and in guinea pigs, and in rabbits. The sensibility is very much 
greater in the very young animals, persists in older mice, but dis-/ 
appears in great degree in adult guinea pigs and rabbits. Similar» 
effects upon the nervous system of man either from radium, or 
X-rays do not occur from their external applications. 

I cannot take more than enough time to refer very briefly to 
the effects of radium upon micro-organisms, upon development, 
and upon plants. The knowledge upon these subjects has been 
carefully summarized in a paper by Hussakof of Columbia Uni- 
versity which is readily available. 

Severa} experiments have shown the inhibitive or, under 
stronger exposures, destructive effect of radium rays upon vari- 
ous bacteria in cultures—the bacillus prodigiosus, colon bacillus, 
typhoid bacillus, anthrax bacillus and the spirillum of cholera. 
These are the only biological findings differing from those with 
X-rays, and are probably due to the greater superficial effects of 
the Alpha and Beta rays because of their very slight penetration 
as compared with the softest X-rays. They indicate a close sim- 
ilarity, with a difference chiefly in degree, in their biological ef- 
fects between Alpha and soft Beta rays and ultra Violet rays. 
Similar results have been obtained by several observers from ex- 
posures of numerous forms of protozoa. Their growth is at first 
stimulated, then inhibited, and after intense exposures they are 
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destroyed. Experiments on various eggs, embryos, and larvae 
have shown, as would be expected, in these embryonic tissues, a 
high degree of susceptibility. Growth is retarded, monstrosities 
develop, and, from prolonged exposure, death occurs. 

In lower forms of plants and seeds the results of experiments 
may be summarized briefly as, first stimulation of growth, and 
under stronger application, retardation or complete inhibition of 
growth. 

This consideration has been directed to the effects of radium 
rays. As to the emanations, it may be stated briefly that experi- 
ments with the emanations upon young mice, upon bacteria, and 
upon protozoa show results quite like those from exposure to 
the rays. 

There is apparently no difference in kind in the effects upon 
tissues between the different radium rays. Alpha rays have so little 
penetration that their effect is expended entirely upon the most 
superficial tissues, but when they are screened out the only dif- 
ference in the reaction is one of intensity and depth. Exner, in 


_ arepeated experiment, by deflecting the Beta rays by an electro- 


magnet directed them upon a white mouse while the Gamma raye 
fell upon another mouse equidistant from the radium. Fifteen 
days after exposure, which had been for 18 2/3 hours, a similar 
ulceration appeared on the tails—the exposed areas—in both 
mice. All three forms, of radium rays then, are physiologically 
active. This fact might fairly be inferred from their actinic 
properties. For the biological effects of all forms of radiant en- 
ergy, there seems every reason to believe, are a manifestation of 
the same actinic effects that we have long been familiar with in 
crtain inorganic substances. Indeed beginning with the red rays 
of light at one end of the scale and ending with the hardest X- 
rays and Gamma at the other, we find physiological effects dif- 
fering chiefly in degree and corresponding in intensity with the 
actinic strength of the respective rays. 

What the bio-chemical processes are that are set going by rad- 
ium, or by the more familiar forms of actinic energy, we are in 
no position to say. From experiments with radium upon eggs 
Schwartz proposed that all of the effects of radium upon tissues 
were due to decomposition of lecithin. Hussakof suggests from 
experiments of Willcock, Zuelzer, and Kornicke that oxygen in 
some not understod way seems to play a part in the process. 
There is every reason to believe that the process is not explicable 
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by any simple chemical reaction. Radium rays do not produce 
an immediate effect upon living tissues, similar to the reduction 
of silver salts, for example. They have an effect upon the life 
processes of the cells, and these after a relatively long time pro- 
duce the results that we recognize as a radium reaction. In other 
words the process is a vital process, and one, doubtless, involving 
all of the chemical complexity of cell life itself. 


BIBLIOGRAPHY. 


Hatxin, Archiv. f. Dermat, und Syph. 1903, LXV, p. 201. (Histology.) 

-Hussaxor, Louis, Medical Record, July 20, 1907. Action of Radium 
on Plants and Animals. (Full summary and bibliography.) 

Dominict aND Barcat. Archives des Maladies du coeur, des vaiseux 
et du sang, 1908. ( Histology.) 

Dominici. Archives Générales de Médicine, July, 1909. (Histology.) 

Guittemont. Archives of the Réntgen Ray, Vol. XV, No. 3, August, 
1910. (Effects on seeds and plants and bio-chemistry.) 

Barinc. British Med. Jour., July 30, 1910. (Effects on malignant 
tumors. ) 


2 
‘ 
a 
1 
4 
+ 
, 
* 
} 
i 
* * 
iit 
a4 ‘ 
4 
q 
t 
4 


@ 


II, 


Geological Papers 


i 

j 

‘ 

| 


. 
» 
4 
by 
/ 


GEOLOGICAL PAPERS. 


OIL INVESTIGATIONS IN ILLINOIS. 


By Raymonp S. BLATCHLEY, 
Geologist in charge of oil studies, State Gelogical Survey. 


INTRODUCTION. 


In the short time available, it is possible to outline only very 
briefly the investigations by the State Geological Survey, cover- 
ing the present immense oil fields and other prospective oil areas. 
I will give first, a brief history of operations in Illinois, then a 
short statistical statement, an account of the origin and accumu- 
lation of oil, and finally an outline of the investigations. 


HISTORICAL STATEMENT. 


The first oil excitement spread over the eastern United States 
in the early part of the “sixties” and extended westward to IIli- 
nois. In 1865 the first “wild-catting” took place in Clark County, 
about eight miles north of Casey. Here several wells were 
drilled in attempts to locate oil and gas but the work was aban- 
doned. A very small amount of oil was found, which, perhaps, 
would have been greater had proper casing been used. Water 
drowned out the oil and prevented an earlier discovery of the 
present extensive field. Oil was found about this time in a sump 
in a mine near Litchfield, Montgomery County, but its exploita- 
tion was delayed until 1882. A small field of 30 wells, that pro- 
duced several hundred barrels annually, was outlined between 
1882 and 1889. Production is wholly abandoned at the present 
time. The oil came apparently from the Pottsville sands. 

A gas field was discovered along an anticline in the Niagara 
limestone near Pittsfield, Pike County, during 1886. About 30 
wells have been drilled and 24 found to be productive in an area 
covering 4 by 10 miles. Similar prospecting took place near 
Sparta, Randolph County, in 1888. Several good gas wells were 
found in the Chester formations of the Mississippian series of 
rocks. The field was further extended in 1906 and 1908 to the 
north of Sparta where about 6 wells produced small amounts of 
oil. Production is all but abandoned now. 

Further “wild-catting” took place in Crawford County between 
1900 and 1904, but this field was not opened until 1906. The 
Casey region was re-drilled in 1904-1905 and oil was found in 
commercial quantities. The field spread rapidly and gradually 
merged into’ the deeper and deeper pools of Crawford and Law- 
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rence counties, until at the present time, they cover a narrow 
strip from 2 to 8 miles wide and about 60 miles long, with an 
area of about 240 square miles. 

Oil was found early in 1908 in a mine near Centralia, Marion 
County. Prospectors were attracted to the territory and several 
shallow productive wells were drilled. Later, in 1909, an oil and 
gas area was tapped north of Sandoval in the same county. This 
developed rapidly in 1910 and promises at the present time to be 
an important producer of oil in Illinois. The oil comes from a 
depth of about 1600 feet in a sand that corresponds to the Kirk- 
wood of Lawrence County. There are now about 40 producing 
wells which yield over 3500 barrels daily. 

Oil and gas have been found in small quantities at other points 
over the State at Greenville, Carlinville, Jacksonville, Pocahon- 
tas, Marissa, Mascoutah, Eldorado, etc. Active drilling is now 
going on at Duquoin, Nashville, Greenville, Carlyle and other 
localities. 

RANK OF ILLINOIS. 

Illinois gained ninth place for production and value of oil in 
1906, and third place for both in 1907. Since then the State has 
held third place for production and second for value and has 
been excelled only by California and Oklahoma. Up to January 
1, 1911, about 18,636 wells had been drilled for oil and gas in the 
State, of which 15 per cent were barren. The remaining 85 per 
cent have produced since 1905, about 128,000,000 barrels of oil, 
valued at about $82,000,000. The present daily output of the 
fields is about 85,000 barrels. The Ohio Oil Company (Stand- 
ard) controls most of the production. 


THE ORIGIN AND ACCUMULATION OF OIL. 

The origin of oil is uncertain, but two general theories, called 
the inorganic and the organic, attempt to explain it. One is large- 
ly unacceptable and even the other has many faults. The inor- 
ganic theory attributes the origin of petroleum to the breaking 
down of certain carbides of metals by the action of water in the 
interior of the earth. It assumes a later condensation of the re- 
sulting gases as they arose to cooler strata near the surface. 
This hypothesis does not apply to all oil fields as well as the 
organic theory. This second theory is based on the decomposi- 
tion of vegetable and animal matter, particularly in the limestone 
and shales near the porous sandstones which now contain the 
oil. It is recognized that plants and animals were deposited in 
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the accumulating muds and silts of centuries. These were shut 
off from the oxygen of the air and other destructive agents, so 
that, eventually, a peculiar distillation converted the carbon, and 
other constituents of the once living matter into oils and gases. 
The distillation was a matter of long ages and the migration of 
oil to more porous reservoirs than the limestones and shales, was 
a secondary step. 

This circulation and accumulation of oil, was accomplished by 
agents such as capillarity, gravity, and gas or rock-pressure. As 
the minute distillation proceeded the oil was taken up under the 
influence of gravity and capillarity, and passed into the porous 
sandstones. An important factor in the accumulation was the 
“lay” of the rocks. The sedimentary strata were deposited under 
water horizontally, or practically so, and the natural distillation 
of oil probably began while the beds were in that position. Sub- 
sequent folding of the strata formed series of arches or domes 
offset by corresponding troughs or basins. The arches are known 
as anticlines while the depressions are called synclines. When 
this folding took place, the water, petroleum, and gas within the 
sandstone formations were forced to move according to the laws 
of gravitation and hence to-distribute themselves according to 
their specific gravities. The water was the heaviest of the three 
fluids, and, therefore, sought the synclines as far as possible, de- 
pending of course, upon the porosity of the sands. Its tendency 
was to displace the oil and gas, forcing the oil to float on the 
water and the gas to rise still higher. The oil was enabled to 
rise as far as the water extended up the slopes of the synclines, 
while the gas was able to free itself and rise to the highest place 
in the porous bed, usually the crest of the anticlines. The sur- 
face of the oil sand on the anticline may be pitted or undulating 
and this condition may affect an extensive area or only a few 
acres of ground. Though the general accumulation of oil and 
gas is governed by the anticline proper, covering many miles, the 
segregation of pools may be caused by smaller folds on the large 
one. This intricate system of synclines and arches on the parent 
fold is coupled with variation in the porosity of the sands and 
the two conditions greatly affect the distribution of oil and gas. 
It is readily recognized that either factor may explain the local 
presence of dry holes within productive territory. 


A segregation of oil may take place along a bench or some- 
times called a structural “terrace”, much in the same manner as 
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in the anticlines and synclines. The “terrace”, strictly speaking, 
is an interruption in the uniform dip of the sides of a basin, giv- 
ing rise to an approximately horizontal plane. Such benches are 
to be found upon the sides of the great structural basin in south- 
ern and central Illinois. The water in the basin enables the oil 
to rise to the “terrace”, where it is trapped by friction. Any oil, 
originally in the sloping sand above the bench, may migrate farth- 
er up the general incline until it is caught by some other bar- 
rier. 

In studying the theories and the actual facts in the oil fields it 
is found that the oil and gas in the main fields occur along the 
crest of the LaSalle anticline. That in Marion County occurs on 
a “terrace” or irregular dome. Enough information is at hand 
to show that wet sands predominate in Illinois and that the oil 
and gas are captive in the highest portions of raised structure, 
according to the theory stated. It has been further shown that 
practically all localities in Illinois, yielding oil and gas to date, lie 
along anticlines, domes, or terraces. Therefore, the general con- 
clusion follows that any area within the State, or out of it, for 
that matter, underlain by suitable formations and these structural 
features, will bear investigation for the presence of oil and gas. 


INVESTIGATIONS OF THE GEOLOGICAL SURVEY. 


The Survey began an investigation of the main fields in 1908, 
with a view of determining certain peculiar conditions existing in 
the oil horizons. The elevations above sea level and logs of 
about 5,000 wells were taken in the southern half of the produc- 
tive area. These records were plotted and contour maps were 
made upon each sand. The maps, about 15 in number, are being 
studied at the present time and an effort is being made to find 
the relation of the quantities of oil, salt-water, porosity of the 
sand, etc., to the structural features of the sand. It is believed 
that these maps will be of large service in the further develop- 
ment of this important field and also that they will yield valuable 
data for the study of the laws governing the genesis and accumu- 
lation of oil and gas. The report will include also the commer- 
cial features peculiar to the Illinois fields. 

The work upon the report of the main fields has been inter- 
rupted to prepare a paper in response to many inquiries received 
by the Survey, relative to the conditions and localities favorable 
for the accumulation of oil and gas outside of the main fields. 
They have been, chiefly, questions regarding structural features, 
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such as anticlinal folds, dips of coals, oil seeps, depths to the oil 
sands, etc. The determination of structural features outside of 
the main fields seemed formidable because of the immense ex- 
panse of flat territory, so covered with drift as to conceal the 
sequence of formations and practically all evidence of folding 
and faulting. The only means available was to construct several 
geological cross-sections of Illinois and to point out the irregu- 
larities occurring in some key horizon. The folds serve to out- 
line prospective drilling areas to the oil operators but the adjoin- 
ing basins or slopes are not so favorable. 


Plate 1 indicates the location of the sections which were con- 
structed. 


The general sections were chosen along lines showing the 
greatest number of wells and coal bores and at the same time 
crossing the great st:uctural basin of Illinois. The identification 
or correlation of various beds in each section presents a general 
idea of the stratigraphy and structure of the lower portion of the 
State. The four sections presented here include only a portion 
of the work accomplished by the Survey. The cross-sections 
were constructed by plotting records with uniform symbols and 
scale. They are located with respect to their distance from the 
nearest town and to their position above sea level. Correlation 
lines, drawn between similar formations in adjoining records, 
picture any rise or fall. Thus section A-A, (plate II.) giving 
the most complete geological data across the State, presents a 
complete picture of the great structural basin of central Illinois. 
The section is drawn from St. Louis, Mo., to Vincennes, Ind., 
and crosses the Sandoval and Lawrence County oil fields. In 
this and the other sections, there is indicated a conspicuous 
spoon-shaped basin, with its long axis paralleling the LaSalle 
anticline and extending from the north line of Stephenson Coun- 
ty past LaSalle, Cerro Gordo, Lovington, Olney, and continuing 
to the southwest county of Indiana. The deepest part of the 
basin lies in the vicinity of Wayne, Hamilton, Edwards, and 
White counties, where the rocks lie comparatively flat and the 
basin broad. Towards this basin, with local exceptions, all the 
rocks of Illinois and of Western Indiana, dip gently. Attention 
is called to the key horizon or the No. 6 coal, which is definitely 
known over about one-half the section, while in the remainder, it 
is doubtfully identified. 


The accompanying printed sections indicating the order and 
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character of the strata, were published by Bain*, and are modi- 
fied slightly to agree with later conclusions. 

Overlying the consolidated rocks of the State except in the 
extreme southern and the northwestern counties, there is a vary- 
ing thickness of glacial deposits or “drift.” These clays, sands, 
gravels, etc., are commonly encountered in drilling before hard 
rock is reached. Locally, they contain gas, but the pressure is 
usually slight and the life of the individual wells is short. While 
it is not possible in every case to absolutely exclude the possibil- 
ity of these wells representing leakage from lower reservoirs, a 
sufficient explanation of them is believed to be found in the de- 
cay of woody material buried in the drift itself. 

The stratigraphic section for southern Illinois is most import- 
ant in the study of oil possibilities. The formations promising 
best production are indicated by italic and occur chiefly in the 
Carboniferous system. Possible oil “sands” are suggested also 
in the Ordovician and Silurian systems, especially in central and 
southern Illinois. 

Northern Illissois Section. 


This section is intended to be representative for that portion of the 
State lying north of Rock Island, La Salle and Kankakee. 


“Coal measures,” mainly middle part; consisting of 


Carboniferous. - coal, shale, sandstone, and limestone; 575 feet 
( Pennsylvanian.) thick; no known gas or oil. 
Unconformity. 


Limestone; 150 feet thick. 


Devonian. Unconformity. 


Niagara limestone; dolomite; 335-388 feet thick; 
containing frequent seepages of bitumen in the 
vicinity of Chicago. 

Unconformity. 


Silurian. 


Cincinnatian shales and limestone; 68-250 feet thick. — 
Unconformity. 
Galena-Trenton; mainly dolomite, a little limestone 
and shale at the base; 300-440 feet thick; a very 
sistent “oil rock” or petroliferous shale in the 
Ordovician. ower portion. St. Peter sandstone; friable sand- 
stone 150-275 feet thick; heavily water-bearing. 
Lower Magnesian dolomitic limestone; 450-811 feet 
thick; all but upper part known from well records; 
rests on Potsdam sandstone, known only from 
well records. 


“Bain, H. Foster, Petroleum fields in Illinois in 1907: Bull. Ilk State Geol. 
Survey No. 8, pp. 273-312. 
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Central Illinois Section. 


For the region south of Rock Island, LaSalle and Kankakee, and 
north of the mouth of the Illinois River and Danville. 


Carboniferous. 
(Pennsylvanian. ) 


“Coal measures,” upper part; coal, shale, limestone, 
and sandstone; 600-700 feet thick. 

“Coal measures, * middle part; shale, sandstone, and 
coal including approximately from “No. 2 coal” to 
“No. 6 coal;” 300 feet thi 

“Coal measures,” basal part; (Pottsville equivalents), 
including coal, clay, shale, and sandstone; mainly 
the beds associated with the “No. 1 coals” of the 
western part of the State, and of irreguar thick- 
ness, found in deep borings elsewhere; 50-150 feet 
thick; small amounts of oil and gas reported, but 
origin not certain. 

Unconformity. 


Carboniferous. 
(Mississippian. ) 


Chester; irregular thickness of sandstone, shale 
and limestone, recognized in a few borings; gen- 
erally absent in this territory; 0-50 feet thick. 

Unconformity. 

St. Louis, Salem, Ste. Genevieve; limestone, non- 
magnesian, partly cherty and partly oolitic; 50-100 
feet thick. Osage group, Warsaw, Keokuk, and 
Burlington; shales and limestone, the latter often 
cherty; 250-350 feet thick; crude petroleum in 
geodes near the top of the Keokuk. 

Kinderhook; shales, limestones, and sandstones; 80- 
150 feet thick. 

Unconformity. 


Devonian. 


Limestone; 15 feet thick. 
Unconformity. 


Silurian. 


Niagara; dolomite; 50-120 feet thick; gas at Pitts- 
pre in Pike County, and oil seepage in Calhoun 
ounty. 


Ordovician. 


Cincinnatian; shales; 40-100 feet thick. 

Unconformity. 

Galena-Trenton; dolomite; 300-400 feet thick; os! 
seepage at Calhoun County. 

St. Peter; sandstone; 130 feet exposed; heavily 
water-bearing. 


Southern Illinois Section. 


For the area south of the mouth of the Illinois River and Danville, 
including the principal oil and gas producing districts. 


Lafayette, Porters Creek and Lagrange; sands, clays, 


Tertiary. and ferruginous conglomerate found in extreme 
southern counties only; 150 feet thick. 
Ripley; sands and clays in extreme southern portion 
Cretaceous. of the State only; 20-40 feet thick. 


Unconformity. 
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“Coal measures,” upper part; coal, shale, sandstone, 
and limestone; 500-700 feet thick; contains the oil 
and eas sands of the Westfield, Siggins and Casey 
pools. 

“Coal measures,” middle part; coal, shale, sandstone, 
and limestone; 400-650 feet thick; including prob- 
ably the lower pay of the Johnson Township pool 

Carboniferous. in Clark County, and possibly the Robinson sand. 
(Pennsylvanian.) | “Coal measures,” basal part (Pottsville equivalents) ; 

sandstone, conglomerate, shale, and thin coals; 

50 to 500 feet thick; including the Buchanan sand 

and probably the Robinson and Bridgeport sands, 

with the greater part at least of the productive 

sand of Montgomery County. The oil sand of 

Princeton, Ind., may possibly belong in this group. 
Unconformity. 


Chester group; limestone, shales and sandstones, usu- 
ally three well defined limestones (non-cherty) 
and generally with red shale at the base; 500 feet 
thick; includes the Kirkwood oil sand of Lawrence 
County; a gas sand at Vincennes, Ind.; the gas 
and otl sands at Sparta in Randolph County; the 
Stein and Benoist oil sands of Marion County; the 
Lindley gas sand of Greenville, Bond County, and 
the oil sand of Oakland City, Ind.; the three latter 
sands being the equivalents of the Kirkwood sand. 

Carboniferous. Cypress; sandstone, massive, coarse-grained; fairly 
(Mississippian. ) regular in a thickness of 80 to 150 feet; not known 
to - eg been prospected for gas or oil; Tracey 
sand. 

Unconformity. 
Ste. Genevieve, St. Louis and Salem; limestone, 
artly cherty and partly oolitic; 250-400 feet thick; 
cClosky sand. 
Osage group (Burlington, Keokuk, Warsaw) ; lime- 
stone often cherty with some shale; 200 feet thick. 
— mainly shale, some limestone; 50 feet 


Limestone, sandstone, shale; limited in outcrop to 
southern counties; 500-700 feet thick. 


Niagara and Clinton; limestone; in southern coun- 
ties only; 100-110 feet thick. 


Cincinnatian; limestone, shale, and sandstone; 100 
feet thick. 

Unconformity. 

Galena-Trenton; limestone, non-magnesian; 80 feet 


It is not necessary to present the details of the stratigraphy 
along the A-A section. There is plainly shown the varying 
thickness of drift deposits, and particularly the thickening of the 
“Coal Measures” or Pennsylvanian rocks, toward the basin. The 
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upper rocks are characterized by coals, thin limestones, and shale. 
They are shown to be thickest in the south-central part of the 
State along the axis of the main basin or syncline. From this 
region they become thinner as the formations rise towards the 
borders of the State. This due partly to surface erosion and 
partly to variation in original deposition. 

The massive Pottsville sandstones underlie the “Coal Meas- 
ures” proper and are a part of the Pennsylvanian series. The 
Pottsville sands are often interbedded with shales and hence the 
top is difficult to identify, owing to the merging of the sends with 
overlying shaly rocks. The correlations in the cross-sections 
were based, for the most part, upon the top of the thick sand, 
immediately underlying the conspicuous shaly rocks. There is 
also a usual absence of limestone strata in them, thus differing 
distinctly from the underlying Mississippian rocks. The several 
sections show that the Pottsville is practically absent west of an 
irregular line drawn from Springfield through Carlyle to Coul- 
terville. It is also absent north of Springfield, except possibly in 
the vicinity to the northeast. A thickness of 450 feet along the 
C-C section, presented later, decreases to 300 feet along the A-A 
section, and to 50 or 100 feet along the E-E. These sandstones 
are very productive in the main fields, and are called the Bucha- 


nan from the name of the farm on which oil was first found in 
that sand. 


The Mississippian series lying in the Carboniferous, next be- 
low the Pennsylvania, contains the most widely productive oil 
sands in the State. The upper part of the Mississippian includes 
the Chester rocks, characterized by a succession of limestones, 
red shales, and sandstones. The top of these rocks is marked by 
the first limestone below the Pottsville. The red shales are im- 
portant horizon markers with the oil men, signifying the ap- 
proach to such sands as the Kirkwood, Tracey and McClosky. 
The Kirkwood sand of Lawrence County, the Benoist sand of 
Marion County, Lindley sand of Bond County, and the Sparta 
sand of Randolph County, all belong to the same horizon and 
underlie the Chester red shales. Oil men scarcely ever drill be- 
low the Chester rocks and into the massive St. Louis limestones, 
the “big line.” In several cases, however, deep wells have been 
drilled in search of the Trenton or Niagara. 


The oil of the main fields comes from the following sands: 
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Counrty. NAME OF SAND 


Clark 
Edgar Shallow 375- 500 
Cumberland 


Coles 
Crawford Robinson 750- 950 
Lawrence Bridgeport 850-1000 
Lawrence anan 1300-1400 
Lawrence Kirkwood 1450-1600 
Lawrence Tracey 1€90-1750 
Lawrence McClosky 1800-1890 


The structure of the cross-section is indicated by the “lay” of 
the coal. The coal outcrops several miles east of St. Louis, along 
the bluffs of the Mississippi. It dips gently from that point but 
irregularly at several places along the section. In the vicinity 
of Sandoval the coal is seen to lie rather flat and then dip sud- 
denly into the deeper part of the basin. The new oil field at 
this town lies along this deformation, which extends southward 
to Duquoin and possibly northward between Brownstown and 
Vandalia, Pana and Tower Hill to Niantic. The rocks rise from 
the axis of the basin to the LaSalle anticline at a fast rate and 
then decline gently and rise again into Indiana. The main oil 
fields of Southeastern Illinois lie at the top of the anticline. The 
formations below the No. 6 coal rise in a similar fashion and 
corroborate the structure. The Kirkwood sand correlation line 
indicates the sharp rise over the LaSalle anticline. 


It may be mentioned at this point that the survey has collected 
complete samples from about 20 wells over the main fields, from 
depths of 800 to 2000 feet. Studies of these will almost certainly 
identify the No. 6 coal over the anticline and permit closer classi- 
fication of all the oil producing formations. 

The promising structural features along the A-A section are, 
the flat “terrace” at O’Fallon, the mild arch at Aviston, the slight 
arch at Carlyle, the irregular Sandoval and Odin “terrace” and 
the Iuka foid. 

The C-C section (plate III) is plotted along a line from New 
Athens to Duquoin, Benton, Rileyville and Eldorado. It follows 
the Illinois Central railway closely between these points and is 
especially valuable since it is based on a large number of coal 
bores and mine records. There are several attractive structural 
features exhibited, especially one at Duquoin. After passing the 
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Coulterville syncline, the coal rises toward Pinckneyville and 
forms an anticline between there and Duquoin. This is about 8 
miles wide. The coal presnts a remarkable dip of over 400 feet 
in about 2% miles, immediately east of Duquoin. This offers ex- 
cellent opportunity for the migration of oil into the anticline and 
as several wells already drilled indicate, the sands on the slope 
are thoroughly saturated with water. The Duquoin anticline 
extends to the southwest towards Murphysboro and is shown 
by the coal contours recently published by E. W. Shaw on the 
Murphysboro quadrangle. From Duquoin northward it probably 
passes west of Tamaroa and Dubois, and between Nashville and 
Ashley. It is considered to be a continuation of the Sandoval 
“terrace,” already spoken of. The crest of this structure is 
higher at Duquoin than at Sandoval and hence has a slope down- 
ward to the north of Duquoin. At Duquoin the dip is from about 
400 feet above to several feet below sea level, while at Centralia 
the dip is from sea level downward. The fold is narrowing in 
its axial width northward from Duquoin. 

The most promising structural features along this section are 
enumerated as follows: 

1. The Marissa flat. . 

2. The Tilden anticline. 

3. The Duquoin anticline. 

4. The second Duquoin arch. 

The D-D cross-section (plate IV) was drawn from Marion in 
Williamson County to Salem in Marion County. It crosses the 
southern slope of the Illinois basin and shows the position of the 
coal from south to north. The dip along the southern slope 
of the basin is about 50 feet per mile. There is a slight flattening 
of the coal between wells 5 and 6. A “terrace” occurs between 
wells 8 and 9, south of Benton, and a slight bench is shown 
at well No. 11. 

The E-E cross-section (plate V) is the most northern one and 
is plotted along a line from Beardstown in Cass County to the 
State line near Danville in Vermilion County. The section reveals 
the relations of the lower rocks on the western side of the State; 
the shallow character of the Illinois basin in the northern part 
of the State; and the La Salle anticline. It is particularly valu- 
able from a stratigraphical point of view, since the Chester rocks 
are shown to be absent around Springfield and present to a small 
degree in the basin at Decatur. The Pottsville is very thin along 
this section. The only significant feature in the structure exists 
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at Niantic. A very small arch is shown in the No. 6 coal. It is 
noticeable that from this point eastward there is a rapid dip of 
the coal into the basin. It is suggested that the Niantic deforma- 
tion may be a continuation of the Sandoval-Duquoin “terrace.” . 
All the formations show a decided rise into the La Salle anticline 
at Tolono. The crest of this arch is thought to be west of Tolono 
in the vicinity of Sadorous. 

Other sections, not presented here, show similar features in the 
key horizon and seem to corroborate the presence of the previ- 
ously mentioned minor folds along the broad western flank of 
the Lllinois basin. 

Besides structural cross-sections, detailed contour maps on the 
No. 6 coal have been made of some areas. (plate VI, coal con- 
tour map of Marion County.) That for the new Sandoval oil 
field is presented here. The position of the coal in the several 
mines and wells along the western side of the county were noted, 
and also the surface elevations at each. Contours of 25 feet 
interval were made from these data. The dips in the various 
directions are portrayed and warrant definite conclusions regard- 
ing the present and future drilling. The structure of the coal is 
further shown by the use of profiles drawn between prominent 
points on the contour maps, in such position that they are at right 
angles to the dip. They are intended merely to make clear the 
mental picture to those who are not familiar with contouring. 

The present active oil field near Sandoval seems to be bounded 
by the-125-foot coal contour, and the best area to further develop 
that field lies within the confines of that line. This includes the 
town of Sandoval and the area southeast of it. The most prom- 
ising area, howéver, is in and about the crest of the dome-like 
structure in section 29. Oil has already been found in shallow 
sands in this structure, but the lower sands are even more 
promising. 

The similarity of the structure south of Centralia to that of 
Duquoin leads to the conclusion that a structural “terrace” exists 
slightly to the west of Centralia, and hence offers prospective terri- 
tory. The so-called “terrace” is irregular but possibly continuous 
throughout Fayette, Marion, Washington and Perry counties. 

Reference to plate I indicates the position of various deforma- 
tions discussed. It will be readily seen that the western flank of 
the Illinois basin holds promise of new oil fields and that possibly 
the northern portion of the La Salle anticline will bear investiga- 
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tion in the older formations. The center of the basin or main 
syncline of the State is not promising for prospectors. It has 
been sufficiently drilled at an aggregate expense that is astounding, F 
to corroborate the theories just explained. Future drilling should 3 
be based on the scientific investigation which has been outlined 

here. 


THE CHANNAHON 


AND ESSEX LIMESTONES IN 
ILLINOIS.* 


By T. E. Savace, 
Illinois State Geological Survey. 

The Channahon and Essex limestones represent certain early 
Silurian strata that have a restricted distribution in northern IIli- 
nois and in the Mississippi valley. Small remnants or outliers 
of these rocks have been found only in the counties of Will and 
Kankakee. This paper is based on field studies and fossil collec- 
tions made by Mr. A. J. Ellis and the writer for the State 
Geological Survey. 
THE CHANNAHON LIMESTONE. 

The rocks referred to as the Channahon limestone outcrop in 

, the south bank of the Des Plaines River, about one mile southeast 
of the village of Channahon, in Will County. They also underlie 

the surficial materials over a limited area on the north side of the 


river. A section of the strata exposed at the former locality is 
as follows: 


Section oF CHANNAHON LIMESTONE. Feet. 


3. Dark gray to brown, rather fine-grained, impure limestone in layers 
3-6 inches thick, containing many fossils..............+++++++. 
2. Dark colored limestone, consisting of a fine-grained matrix in which 
are imbedded numerous simple corals, besides the fossils 
Leptena rhomboidalis, Schuchertella curvistriata, Pterinea ele- 
gans, Metapolichas ferrisi and 2 
1, Fine-grained, yellowish-gray, laminated sandstone, without — 
to the level of the water in the river.............:seceeeeeeees 


In the foregoing section there is no apparent unconformity i 
between the different members, although the lithology of the <4 
sandstone at the base is markedly different from that of the over- 
lying limestone, and the numerous corals occurring in the second 
member are absent in the upper bed. The contact of the rocks 
described in the foregoing section with the Maquoketa shale 
below, or with the Niagara limestone above, cannot be seen at the 
point where the section was made. However, normal lower 


*Published by permission of the Director of the Ill. State Geol. Survey. 
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Niagara strata, carrying the common fossils of that horizon, are 
well exposed a few rods east of this point, at a level only four 
or five feet higher than the top of the uppermost member of the 
section. A blue plastic shale, that doubtless represents the 
Maquoketa, outcrops in the bank of the river about one-half 
mile further east, at an altitude slightly above that of the top of 
the section. At two points in the vicinity of Millsdale, where the 
contact of the lower beds of the Niagara limestone with the 
underlying Maquoketa shale is well exposed, the Channahon 
limestone is absent, and there are present no intervening strata 
of any kind. 

The limestone members of the foregoing section furnished the 
following very interesting assemblage of fossils: 


FossILs FROM THE CHANNAHON LIMESTONE. 
*Zaphrentis channahonensis, n. sp. 
Zaphrentis stokesi Edwards and Haime? 
Atrypa putilla (Hall and Clarke) ? 
Dalmanella elegantula var. 
Homoeospira channahonensis n. sp. 
Gypidula cf. simplex Foerste. 
Leptaena rhomboidalis (Wilckens). 
Leptobolus illinoisensis n. sp. 
Pholidops channahonensis n. sp. 
Rhipidomella hybrida (Sowerby). 
Rhynchotreta intermedia n. sp. 
Schuchertella curvistriata n. sp. 
Whitfeldella acuminata n. sp. 
Whitheldella ovoides n. sp. 
Holopea illinoisensis n. sp. 
Pterinea elegans n. sp. 
Dawsonoceras tenuilineatum n. sp. 
Cyphaspis intermedia Weller. 
Metapolichas ferrisi Weller. 

Proetus channahonensis Weller. 

CORRELATION : In the foregoing list of fossils, the species 
Dalmanella elegantula var., Gypidula cf. simplex and Rhipidomella 
hybrida indicate a Silurian age, but the fauna as a whole cannot 
be directly correlated with that of any known Silurian horizon. 
The greater number of the species have been found at no other 
place. Out of twenty species in the list, only two species of corals 
and four of the brachiopods have been described from other 
localities. The remaining fourteen species are known only from 
the strata under consideration at this place, and so are of no 
help in the correlation of the bed. Of the old species, the corals 
are not definite markers of any Silurian horizon. Of the brachio- 


2. Note: The species of fossils in this paper designated as new, have 
been described by the writer in a paper that will soon be published in the 
Bulletin of the Geological Society of America. 


€ 
ari: 
oe 

itd 
: 

ig 
. 
” 
. 
* 
{ 
~ 
ithe 
” 
7 
id 
4 


GEOLOGICAL PAPERS. 99 


pods, Dalmanella elegantula and Rhipidomella hybrida are com- 
mon Niagara species ; Gypidula simplex was described by Foerste 
from the Waldron bed at Newsom, Tennessee; Atrypa putilla 
was described by Hall and Clarke from very early Silurian strata 
in Pike County, Missouri, which have been correlated with the 
Edgewood formation in Alexander County, Illinois. Several of 
the other species in this list, while not specifically identical with 
forms occurring in the Edgewood formation of southwest Illinois, 
have very close affinities with species found in that formation. 
These are shown in the following comparative table: 


CoMPARATIVE TABLE OF FossILs. 


Fossils from the Channahon Lime- Fossils from the Edgewood Forma- 
stone in Will County. tion in Alexander County. 
Zaphrentis channahonensis . Zaphrentis channahonensis 
Atrypa putilla? Altrypa putilla 
Dalmanella elegantula var. Dalmanella elegantula var. 
Leptaena rhomboidalis Leptaena rhomboidalis 
Rhynchotreta intermedia Rhynchotreta thebesensis 
Schuchertella curvistriata Schuchertella propinqua 
Whitfieldella acuminata Whitheldella billingsana 
Pterinea elegans Pterinea thebenensts 
Dawsonoceras tenuilineatum Dawsonoceras cf. tenuilineatum 
Cyphaspis intermedia . Cyphaspis intermedia 
etapolichas ferrisi etapolichas clintonensis 
Proetus channahonensis Proetus determinatus 


While the correspondence of the respective species of fossils 
compared from the two areas is not identical, yet the differences 
between them are slight. The fauna from the Channahon locality 
is more closely related to that of the Edgewood formation than to 
any other known fauna. 


It is thought that the strata in the two areas represent about the 
same general period of deposition; and that the differences in 
the specific characters of the forms above compared are largely 
due to local differences in the marine environments of the faunas 
in the respective regions. 

Whether the sea in which the Channahon limestone accumu- 
lated was connected southward with the Pike County, Missouri, 
and Alexander County, Illinois, basin, or whether it had a 
northern connection as did the sea in which the overlying Niagara 
limestone was deposited, cannot be determined until other 
exposures of these early Silurian beds are discovered and their 
faunal relations are better known. 


1Savage, T. E.: Ill. State Geol. Surv., Bull. No. 16, 1911. 
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THE ESSEX LIMESTONE. 


- The strata comprising the Essex limestone overlie the Maquo- 

keta shale in an exposure along the north bank of Horse creek, 
about one and one-half miles east of the town of Essex, in Kan- 
kakee County. Plate VII. shows the character of the rocks at 
this place, and a detailed section of the strata is given below: 


Sections or Rocks Outcroppinc ALonc Horse Creek. 
Feet 
a 8. Yellowish-brown, magnesian limestone, containing small nodules 


ae and masses of chert, and bearing Pentamerella ? manniensis and 


| Yellowish-brown, thin bedded, magnesian limestone, in layers 3 tos 
inches thick, with numerous 

i 1. Rather hard, bluish colored, barren shale, in layers 2 to 6 inches 
thick, exposed above the level of low water... 


4 The lowest member of the foregoing section represents the 
:. Maquoketa shale. This shale is better exposed a few rods fur- 
ther down the stream, where a thickness of eleven feet may be 
, seen, with no trace of the overlying limestone. The dolomitic 

limestone, comprising the second and third members of the sec- 


tion, constitutes the Essex limestone and contains the following j 
fossils : 


FossILs FROM THE ESSEX LIMESTONE. 


Zaphrentis sp. 
Favosites cf. niagarensis Hall. 
Halysites catenulatus Linn. 
il Atrypa marginalis (Dalman). 
Atrypa putilla (Hall and Clarke). 
Atrypa sp. 
Camarotoechia near acinus Hall. 
Camarotoechia? cliftonensis Foerste. 
Dalmanella elegantula var. 
Gypidulg sp 
i, Leptaena thomboidalis (Wilckens). 
Pentameralla? manniensis Foerste. 
Rhipidomella hybrida (Sowerby). 
Rhynchotreta simplex Foerste. 
Rhynchotreta thebesensis Foerste. 
Schuchertella sp 
Schuchertella (Conrad). 
Strophonella sp 
Whitfieldella esindric Hall. 
Whitfeldella sp 
Bellerophon 
cf. Cyclora alta. 
Conularia sp. 
Platyostoma sp. 
Pleurotomaria sp. 
xonema sp. 
Modiolopsis sp 
j Mytilarca (Hall). 
Pterinea sp. 
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CorRELATION: In the foregoing list of fossils only thirteen 
species are certainly identified. Of this number, Halysites caten- 
ulatus and Leptaena rhomboidalis have no definite stratigraphic 
value. Atrypa marginalis, Atrypa putilla, Dalmanella elegantula 
var., and Rhynchotreta thebesensis occur also in the Edgewood 
strata of southwest Illinois. Atrypa marginalis and Dalmanella 
elegantula have also been reported from the Clinton bed at Clif- 
ton, Tennessee. 

Of the remaining seven identified species, Camarotoechia ? 
cliftonensis, Pentamerella ? manniensis and Rhynchotreta simplex 
were described by Foerste from strata that he considered of 
Clinton age, at Clifton and near Riverside, in western Tennessee, 
where they were said to occur with such other typical Ohio Clin- 
ton species as Triplecia ortoni, and Illaenus daytonensis. Whit- 
fieldella cylindrica and Mytilarca mytiliformis were described by 
Hall from the Clinton strata of New York. Rhipidomella hybrida 
and Schuchertella subplana are common species of the Niagara 
limestone. 

The above analysis of the fauna of the Essex limestone would 
seem to indicate a Clinton age for these strata. However, in this 
fauna, the typical species of the Ohio Clinton fossils are wanting, 
and the characteristic fossils of the New York Clinton are absent. 
In southwest Illinois there are present normal Ohio Clinton strata 
containing fossils similar to those found in the corresponding beds 
in Ohio; but such characteristic fossils of the Essex limestone, as 
Camarotoechia ? cliftonensis, Pentamerella ? manniensis, and 
Rhynchotreta simplex do not occur either in southwest Illinois or 
in the Clinton beds in Ohio. Since the normal Ohio Clinton fauna 
is present in the Clinton strata of Ohio and southern Illinois, but 
is absent in the Essex limestone in which Camarotoechia ? clif- 
tonensis, Pentamerella ? manniensis and Rhychotreta simplex are 
common, it seems strange that the faunas of the Ohio Clinton 
and of the Essex limestone should be intermingled in the Clinton 
bed at Clifton, Tennessee. That the Essex fauna entered the 
Mississippi valley from the south, as did also the Ohio Clinton, is 
indicated by its presence in Illinois and in western Tennessee, and 
its absence east of the Cincinnati arch. The Pentamerella ? man- 
niensis horizon has also been found at an intervening point in 
Jersey county, Illinois. 

In view of these facts, it is difficult to understand how such an 
important element of the Essex fauna could be mixed with the 


og 
‘ 


102 ILLINOIS ACADEMY OF SCIENCE. 


Ohio Clinton fauna in the more southern locality, and the two 
faunas occur so distinctly separated further north in Illinois. This 
difficulty was called to the attention of Dr. Foerste,’ who replied 
that he was now inclined to consider the strata at Clifton, Tennes- 
see, that has been referred to the Clinton, as consisting of two 
distinct horizons ; the upper part being coarser grained, and carry- 
ing the Ohio Clinton fauna, while the lower part is more cherty 
and contains the fossils Rhynchotreta simplex, Camarotoechia ? 
cliftonensis, Pentamerella ? manniensis and their associates, but 
not bearing the typical Ohio Clinton fauna. If this is the true 
interpretation of the so-called Clinton strata in western Tennessee 
it would indicate that the Essex limestone fauna was to be corre- 
lated with that of the strata immediately below the layers 
representing the normal Ohio Clinton at Clifton, Tennes- 
see. The presence of the Edgewood species, Atrypa putilla, 
Dalmaneila elegantula var., and Rhynchotreta thebesensis in the 
Essex limestone is further evidence that this fauna is older than 
that of the Ohio Clinton, which, in Alexander oa: Illinois, 
overlies the Edgewood formation. 


The above facts indicate that neither the Niagara limestone, 
nor even the Clinton, represents the earliest Silurian strata that 
were deposited in northern Illinois ; that the Channahon and Essex 
limestones represent pre-Clinton beds of Silurian age that were 
probably spread over considerable areas in the Mississippi valley, 
but were later mostly removed by erosion prior to the deposition 
of the overlying Niagara strata. 


The term Alexandrian* has been proposed as a geological series 
to receive all of the early Silurian strata in the Mississippi 
valley that are older than the Ohio Clinton beds and younger 
than the Richmond. The Girardeau limestone and the Edgewood 
formation of southwestern Illinois were assigned to this series. 
If the correlations of the Channahon and Essex limestones, sug- 
gested above, are correct, the Essex limestone would belong above 
the Edgewood, near the top of the Alexandrian series. The 
Channahon limestone should probably be referred to a horizon 
corresponding in general with that of the Edgewood formation, 
while the Girardeau limestone, in southwestern Illinois and south- 
eastern Missouri, continues to hold a place in the lower part of 
the series. 


*Savage, T. E., Am. Jour. of Sci., Vol. 25, p. 434, 1908. 
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The presence of such remnants of pre-Clinton Silurian forma- 
tions as the Channahon and Essex limestones furnish abundant 
evidence that, even where apparently conformable, the Niagara 
limestone in northern Illinois is separated from the underlying 
Maquoketa (Richmond) beds by an important stratigraphic break 
of very considerable length. 

1. Note: In a private letter in which the statement credited to Dr. 
Foerste was made, he says that this suggested differentiation of the faunas 


in the strata at Clifton, Tennessee, was from memory only, this subdivision 
of horizon not being suspected at the time the fossil collection was made. 


THE EASTWARD EXTENSION OF THE SWEETLAND 
CREEK SHALE IN ILLINOIS. 


By J. A. UppEn, 
University of Texas, Petrolia, Tex. 


In 1898 I had occasion to examine and describe a deposit of 
shale which occurs under the Pennsylvanian, in Muscatine Coun- 
ty in Iowa. It overlies unconformably the Cedar Valley limestone 
in this locality and its entire thickness is only about forty feet. 
It is a shale that is quite distinct from any shale in the coal meas- 
ures. It is more evenly developed than the latter, and single layers 
in it, only a few inches thick, may be traced for several miles. 
The upper part of the shale has a grayish green color. The lower 
part is dark, and it contains some strata of dolomitic limestones 
at the base. These basal layers contain teeth of Ptyctodus eal- 
ceolus, often in abundance. The lower half of the formation as 
here developed also contains other fossils, such as: 


Lingula, sp. undet. 
L. cf. melte Hall. 
Lingula, cf. nuda Hall. 
Lingula subspatulata M. and W. (?) 
Spathiocaris emersoni Clarke. 
Solenocaris strigata Meek. 

_ Ptyctodus calceolus M. and W. 
Rhynchodus, cf. excavatus Newb. 


Casteropods 

There is also present in considerable abundance the fossil known 
as Sporangites huronense. This fossil is supposed to be a spore 
of some paleozoic tree, and consists of brown circular discs 
nearly too small to be seen by the unaided eye. In some layers this 
is present in such abundance as to give the shale a brownish color. 
The spores consist of a bituminous substance, and when submitted 
to a distilling heat the shale gives out a considerable percentage of 
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gas and oil. The best exposures are in Sweetland Creek, and 
hence the name, the Sweetland Creek Shale. 

Under the Kinderhook limestone at Burlington in Iowa, there 
are some 300 feet of shale overlying the Devonian limestone. In 
this locality this shale has usually been referred to the Kinderhook 
group. Whether these two shales are different formations, onc 
overlying the other unconformably, or whether they belong to the 
same formation, is at present an undetermined question. The 
lower part of the shale at Muscatine was referred to the Che- 
mung by Prof. Hall long ago, and its fish and crustacean fauna 
support this view. 

During the progress of some examinations of samples of well 
drillings in the north and central parts of Illinois, I have found a 
shale resembling the Sweetland Creek shale in several wells. The 
identification of this shale with the Sweetland Creek is believed to 
be sufficiently certain. It is based upon the similarity in texture 
and general appearance of both shales, on the presence in both of 
Sporangites huronense, in the presence of certain fossil fragments 
resembling denticles of annelids, and in the presence in some well 
samples of a Lingula. The formation varies in thickness from less 
than a hundred to 300 feet, owing no doubt to an unconformity. 


The observations made on the shale in several of the wells are 
as follows: 


GALESBURG CITY WELL NUMBER 3. 

In the Galesburg city well number 3, made in 1906, there was 
a light gray shale underlying the coal measures at a depth below 
the surface of 245 feet. With this shale were some pieces of white 
chert, evidently from a remnant of the Burlington limestone 
above. Some more shale was taken from 330 feet below the sur- 
face. This was labeled “brown shale.” It contained Sporangites in 
abundance, well preserved. When crushed by the drill it no doubt 
gave a brown color to the shale, that otherwise is gray. The next 
sample below this was from 380 feet below the surface and con- 
sisted of a soft shaly limestone, probably Devonian. The shale at 
this place may be a hundred feet thick. 


THE OLD MONMOUTH CITY WELL. 

In the well drilled in 1887 at 410 North Sixth Street, in the 
city of Monmouth, a greenish gray shale, no doubt equivalent to 
the Kinderhook shale at Burlington, in Iowa, extends from 168 to 
299 feet below the surface. Under this there is a dark gray shale 
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extending down to 427 feet below the surface. From this bed 
nineteen samples were taken about five feet apart, and in more 
than half the number of these samples Sporangites huronense is 
present. Some annelid denticles were also noted in one of these 
samples, taken 313 feet below the surface. The two shales together 
have a thickness of 261 feet. 


THE HENRY CITY WELL. 

From the old city well in Henry, made in 1886, in Marshall 
County, one sample of drillings was taken representing the strata 
from 325 to 402 feet below the surface. A part of this sample 
consists of shale belonging to the coal measures, which in this well 
extend down from 130 to 325 feet below the surface. But the 
greater part of the sample consists of a faintly brownish gray 
shale, in which Sporangites huronense occurs in abundance. The 
next sample taken below this represents the ground from 402 to 
426 feet below the surface. This is mostly white, finely graular 
limestone, probably Devonian. 


THE SCHUYLER OIL AND GAS COMPANY WELL. 

This well was made in 1909 on a farm belonging to Mr. W. B. 
Manlove, in Birmingham township in Schuyler County, about 
four miles southeast of the town of Plymouth. The Mississippian 
limestones in this boring continue down to 240 feet below the sur- 
face and are underlain by 450 feet of shale. The description of the 
samples from 246 to 683 feet below the surface is as below: 


Light shale, with fragments of limestone.............0.seeeceeeeeeees 246 
Light blue shale, with much pyrites in small crystals. Fragments of 
calcareous limestone frequent 


Light blue shale, with pyrites and calcareous fragments............... 292 
Light, greenish blue shale, with pyrites...............cseeeseeeeeeees 295 
Light, greenish blue shale, with only infrequent cystals of pyrites.... 302 
Light, greenish blue shale. No pyrites noted................000.0005 302. 


Greenish gray shale, with poorly preserved specimens of Sporangites, 
occurring sparsely 


Greenish gray shale, with Sporangites.....+..¢+..eecceeeececettecees 340 
Greenish gray shale, with poorly preserved specimens of Sporangites.. 345 
Gray shale, faintly micaceous, with Sporangites.-...+.......cceteeees 355 
Gray shale, with abundant Sporangites and occasional crystals of pyrites 365 
Gray shale, with Sporangites poorly preserved.............2+-.eeee00s 400 


gray shale, micaceous, with comparatively thick specimens of 
Sporangites, and shapeless fragments of resinous material which 
appear to be shreds of Sporangites...........ccccccececceeeevees 415 
Shale, almost black, showing reflections of minute scales of mica. A 
highly bituminous rock which burns for a few moments after it 
has been thoroughly ignited. On the split surfaces of some large 
fragments several small specimens of Lingula were noted, about 
one millimeter in diameter. The distance from the umbo to the 
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ventral margin of the valves was slightly greater than the trans- 
verse measure. Faint lines radiated from the umbo and distinct 
concentric lines of growth are seen. Irregular minute tubercles 
appear on the outer part of the valves. This black shale appears 
as a yellow translucent mass in transmitted light under the lens... 
A highly bituminous limestone, most of which effervesces briskly with 
acid. Some effervesces hardly at all. Some of the sample is 
crystalline calcite, and some bituminous fragments burn, when 
ignited, for a few seconds. The label on the sample was blurred, 
5?1, but its highly bituminous character makes it probable that it is 
from about the same depth as the previous sample. Near (?) 
Green clay shale, not effervescing in acid : ’ 
Greenish gray shale of very fine plastic texture, effervescing slightly 
with acid, containing a valve of an Estheria? Label indistinct; 


Under this there was 270 feet of limestone, probably partly 
Devonian and partly of Trenton age. 


THE PEORIA GLEN OAK PARK WELL. 

This well shows 150 feet of drift, 250 feet of coal measures, 
125 feet of Mississippian limestone, and under this 195 feet of 
shale, of which at least the lower 70 feet are to be correlated with 
the Sweetland Creek shale. This rests on calcareous limestone 
believed to be of Devonian age. The samples examined were as 
below: 


Depth from below Surface 
from to 

Greenish gray shale with fragments of sponge spicules. 

Some fragments of a bluish translucent rock 

show a network of imbedded spicules (Kinder- 

hook?) 
Gray, slightly micaceous shale with crystals of pyrite 

and indistinct specimens of Sporangites huronense 
Like the preceding, with frequent specimens of Spor- 

angites huronense 


THE JUNCTION MINING COMPANY DRILL BORE NEAR SPRINGFIELD. 


A core from a diamond drill coal test sunk 1,500 feet below the 
surface near Springfield shows the presence of 231 feet of shale, 
underlying a reddish limestone recognized as the Kinderhook 
shaly limestone. The uppermost 97 feet of this shale contains 
some fine oolitic rock and has been referred by Prof. J. E. Savage 
to the Kinderhook. The lower 133 feet is no doubt to be corre- 
lated with the Sweetland Creek shale. It contains Sporangites 
huronense and also a Lingula. It is separated from an underlying 
limestone by a sharply defined limit, and the uneven upper surface 
of this limestone bears a striking resemblance to the unconform- 
able upper surface of the Cedar Valley limestone, in Muscatine 
County in Iowa, including the presence of worn fragments of 
indistinct fish teeth. 
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It is believed by the writer that the Sweetland Creek shale is a 
western extension of the “Black shale” in Ohio and that it is 
identical with the Devonian shale at Milwaukee. From these 
scattered wells, in which it has been identified by the examination 
of drill cuttings, it seems likely to be continuous under the Miss- 
issippian in the central part of the state, and it was once probably 
a continuous deposit, laid down in a sea extending from Ohio to 
Iowa. Its uniform development and its limited thickness indicate, 
as Professor Dana has stated, nearly uniform conditions of level 
over a great extent of the surface of the interior of this continent. 


AN AMERICAN LEPIDOSTROBUS. 
By Joun M. Coutter anv W. J. G. Lanp, 
University of Chicago. 
(Abstract. ) 


Our knowledge of the structure of coal measure plants has been 
derived chiefly from English and French material in which the 
structure has been preserved, American coal measure plants hav- 
ing been found only as impressions or casts. Recently there came 
into our possession a specimen of Lepidostrobus (the strobilus of 
Lepidodendron) from a coal pocket in Warren County, Iowa, 
whose structure is admirably preserved. The specimen is not a 
complete strobilus, the lower portion being missing, so that all 
evidence as to the heterosporous condition is gone. 

Sections were made of the strobilus, and a complete description 
of its structure became possible, even many of the spores (pre- 
sumably microspores) being well preserved. The general struc- 
ture of Lepidostrobus is well known from foreign material, the 
most characteristic feature being the radially elongated sporan- 
gium, which extends along the whole adaxial face of the stalk of 
the sporophyll. A curious method of dehiscence was discovered, 
the sporangium opening by a longitudinal slit along the median 
line for a little more than half its length from the base, and then 
the slit forks and is represented in the distal half of the sporan- 
gium by two diverging slits, which leaves between them a large 
triangular flap of the sporangium wall. 

The strobilus was evidently a mature one which had fallen and 
remained in water or moist soil, for rootlets had penetrated 
between the sporophyll here and there, and the rootlets in turn 
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had been attacked by a fungus, whose mycelium and sex organs 
were plainly visible. 

The full paper, with illustrations, is published in the Botanical 
Gazette 51: 449-453. pls. 28, 20, figs. 3. 1911. 


POST-GLACIAL LIFE OF WILMETTE BAY, GLACIAL 
LAKE CHICAGO. 


By Frank BAKER. 
The Chicago Academy of Sciences. 


About two years ago the writer’ announced the discovery of 
certain strata west of Bowmanville, Chicago, which quite fully 
revealed the faunas as well as the history of Glacial Lake Chicago. 
During 1910 a complete biological and stratigraphical survey was 
made throughout the length of the drainage canal (over eight 
miles) and sixty-three separate sections were made, besides sev- 
eral ‘hundred additional examinations between these section sta- 
tions. The information obtained in a measure corroborates the 
statements set forth in the preliminary announcement. it also 
makes it evident that several statements made therein need some 
modification. The deposits referred to represent the floor of 
Glacial Lake Chicago and the variation in these sttata quite vividly 
reflect the changes which took place from the time the glacial 
waters first appeared until the formation of the present Lake 
Michigan. As the general history of the great lakes is so well 
known, it will not be referred to here.” 


The interpretation of these deposits, viewed in the light of 
later and more extensive information, may be outlined as follows: 
Above the bowlder clay or till there is a bed of sand from two 
to twelve inches in thickness (Fig. 1). This represents the Glen- 
wood stage of Lake Chicago and no life is present, as would be 
expected. During the Glenwood stage the lake stood at from 
fifty to sixty feet above the present level of Lake Michigan. This 
places the shore line between the 630-640 foot contour lines. It 


1Science, n. s., XXXI, No. 801, May, 1910, p. 715. 
2See the following works where the history is very fully worked out: 


The Suen hy of Chicago and Its Environs, Rollin D. Salisbury and W. C. 
Alden. Soc., cago, No. 1, 1899. 


_ paw ds Atlas of the United States, Chicago Folio, No. 81, by W. C. Alden, 


Geogra of the Evanston-Waukegan W. W. Atwood and 

Deposits 0! e r rank erett, . Acad, 
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is probable that the sand found in the canal, which is 414 miles 
east of the Glenwood shore line, was deposited just previous to 
the first low water stage, as a bed of sand of this thickness would 


scarcely form in fifty to sixty feet of water nearly five miles 
off shore. 


STATION 16 


Lower ToLLESTON 
40 Feer Deep 
NIPISSING GREAT LaKes 
Swamp MowusKs 
Lymnaea, Physa, Amnicola.. 


L. Low water 


Mipove. ToLLESTON 
12 FEET DEEP. L ALGONQUIN 
WATER 
Lymnaa, Planer bis, Amnicola, 


Upper Toceston 
2OFEET DEEP fisn- Bian 


(won... .( Post GLENWOOD 
SHALLOW WATER MousKs 


= UAnasdowta, Ancylus, Campeloma) 
Sano GLENWOOD 
55-60 Feet DEEP 
Noire 


_... Cray \ DRIFT (Gaounp Moraine) 


Figure 1. Section through post-glacial fluviatile deposits of Wilmette 
Bay, Glacial Lake Chicago. - 


Above the sand deposit occurs a bed of silt ten to eighteen 
inches in thickness. This deposit is filled with molluscan remains 
of species which live in shallow water usually not exceeding ten 
feet in depth. The following species are represented by thou- 
sands of individuals, showing that life was notably abundant: 
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Anodonta grandis. Ancylus sp. 

Pisidium (several species). Physa ancillaria warreniana. 
Sphaerium simile. Planorbis irivolvis. 
Goniobasis livescens. Planorbis campanulatus. 
Amnicola lustrica. Planorbis bicarinatus, 
Amnicola limosa. Planorbis deflectus. 

Valvata tricarinata. Lymnaea stagnalis appressa. 
Campeloma integrum. Galba reflexa. 


The presence of this life in a silt deposit, overlying a sand 
deposit, is conclusive evidence that the early statement of Dr. 
Andrews concerning a post-Glenwood low-water stage was cor- 
rect, although this is questioned by Dr. Goldthwait in a recent 
paper in which this deposit is referred to the Calumet period.* 


That this stage was one of very low water is apparently proven 
by the fact that these shell deposits do not extend far beyond 
the 585 foot contour or about a mile and a half north of Foster 
Avenue. As the leaves of an oak and the cones and wood of a 
spruce are also found in these strata, it would seem that this 
deposit represents mainly shallow ponds formed, possibly, in large 
kettle holes in the ground moraine. The ground moraine at this 
point, as seen in cross sections, is strikingly undulating, forming 
depressions from six to ten feet in depth, and of a sufficient size , 
to form a pond of good area. It is interesting to note that at _ 
ILemont a bed of silt with shells is encountered overlying the 
Niagara limestone, which may represent this stage. It is over- 
laid by six feet of carbonaceous soil and peat containing mollusks. 
As both deposits contain the same genera and nearly the same 
species, it seems evident that the fauna near Foster Avenue 
migrated thence by way of the Des Plaines outlet. 


It must be borne in mind that during the several advances of the 
ice all life was either exterminated within the englaciated area, 
or was driven south of the ice border. Consequently, a return 
of life to the country left by the receding ice sheet could only be 
from the south. The aquatic life could return only by way of the 
natural waterways provided by the glacial streams issuing from 
the ice-bound lakes. The oak (Quercus marceyana) and the 
spruce (Picea evanstoni= canadensis?) probably grew on the 
higher ground. The latter does not at the present time grow 
within about one hundred miles of this locality. The spruce cones 
are notably abundant in deposits near Devon Avenue. 


*Trans. Chi. Acad. Sci., II, pp. 1-24, 1877; Leverett, Bull. Geol. Surv. Chi. 
Acad. Sci., II, p. 71, 1897; Alden, Chicago Folio (81) p. 9, 1902. 
‘Bull. 7, Ill. Geol. Surv., p. 61, 1908. 
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Following the post-Glenwood stage, the water again rose and 
flooded the area above the 610 foot contour. This is marked by 
a heavy deposit of sand and gravel of an average depth of a foot 
(2-19 inches). It was at this time that the Rose Hill bar was 
formed. It seems evident that if the entire length of this bar 
was formed at the 615 foot level it was constructed largely under 
water as this depth of water (thirty-five feet) would submerge 
the greater part of the bar from five to fifteen feet. It seems 
more probable that the greater part of this bar south of North 
Evanston was largely formed during the Upper Tolleston stage, 
at which time a beach ridge was formed on the submerged off 
shore barrier, which was doubtless built up to a considerable size 
during the Calumet stage. Resting on the Calumet gravels is a 


large bed of Unios and other mollusks comprising the following 
species : 


Unio crassidens. Quadrula trigona. 

Unio gibbosus. Quadrula pustulosa. 
Obliquaria reflexa. Quadrula undulata. 

Plagiola elegans. Quadrula verrucosa. 
Lampsilis ventricosa. Quadrula lachrymosa. 
Spherium stamineum. Quadrula coccinea paupercula. 
Amnicola letsoni. Campeloma integrum. 


Amunicola limosa. 
Goniobasis livescens. 


These mollusks evidently lived during the Upper Tolleston 
stage when the water had fallen to a depth of twenty to twenty- 
five feet and flooded everything below the 600 foot contour. At 
this time the area behind the Rose Hill bar was a large bay seven 
miles long, from one to 214 miles in width and from five to 
twenty feet in depth, except near the shore, where it doubtless 
formed an extensive marsh. The beach ridge called the Rose 
Hill bar was probably built up during this stage, as was also a 
part of the Graceland barrier and beach, extending from Rose 
Hill cemetery to Lincoln Park. Above the Unios follows a de- 
posit of silt about a foot in depth which contains the remains of a 
bird (humerus of a duck) and the bones of several species of fish. 
This deposit is highly oxidized and probably was a land surface 
recording the low water stage preceding Lake Algonquin. The 
presence of fish remains in these deposits clearly indicates the 
means by which the Unios were brought to Wilmette Bay from 
the populated regions south of the Valparaiso moraine. 

Above this stage occur deposits aggregating twenty-two inches 


in thickness, composed of silt, peat and marl beds, containing such 
mollusks as 


Pisidium (several species). 
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Lampsilis luteola. Physa ancillaria warreniana. 
Spherium striatinum. Physa integra. 

Spherium rhomboideum. Planorbis trivolvis. 
Pisidium (several species). Planorbis campanulatus. 
Campeloma integrum. bicarinatus. 


Gontobasis livescens. naea stagnalis appressa. 
Valvata tricarinata. alba reflexa. 
Amunicola limosa. 


The marl deposit is nearly five inches in thickness and is a 
solid mass of shells. These deposits probably represent the 
Middle Tolleston stage, which corresponds with the Lake Algon- 
quin stage of the Great Lakes. At this time Wilmette Bay was 
three miles long, a mile wide and five to twelve feet in depth 
behind the Rose Hill bar. It extended, however, five miles south 
of this bar and was protected from Lake Michigan by the Grace- 
land bar, upon which Clark Street is constructed, which rose above 
the lake nearly ten feet. This bay south of Foster Avenue was 
five miles long and about one mile wide, with a depth of water of 
five to twelve feet. The shallowness of the bay is attested by the 
presence of Potamogeton and Chara, plants which live in com- 
paratively shallow water. The Middle Tolleston lake bed above 
the 590 foot contour was an extensive marsh nearly three miles , 
long and over a mile wide, in which the following mollusks lived 
abundantly : 


Succinea ovalis. Segmentina armigera. 
Succinea avara. Galba caperata. 
Physa gyrina. Galba reflexa. 
Planorbis trivolvis. Calyculina securis. 


The upper deposit of the Middle Tolleston is oxidized and 
contains the burrows of crayfish, indicating that this deposit was 
for a time a land surface. Above this land surface occurs a 
deposit of speat over five inches in thickness overlaid by twenty- 
eight inches of silt. This doubtless represents the Nepissing 
Great Lakes and the Lower Tolleston stage. The water is believed 

- to have been from three to ten feet in depth and the area flooded 
was probably nearly equal to that of the Middle Tolleston.® The 
life of this stage was the same as that of the Middle Tolleston. 
Following this stage the lake fell to its present level. 

The interpretation of these deposits is not in accord with that of 
Dr. Goldthwait,* who places the peat and silt beds found beneath 
the Rose Hill bar in the period previous to the Upper Tolleston 


SGoldthwait, Bull. 7, Ill. Geol. Surv., p. 64; Bull. 11, p. 56, p. 81; Bull. Wis. 
Geol. & Nat. Hist. Surv., XVII, p. 6, 7, et. seq. 


*Bull. Wis. Geol. & Nat. Hist. Surv. XVII, p. 4; also Bulls. 7 and 11, Ill 
Geol. Surv. 
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gravels. The evidence offered by the study ‘of the canal section 
seems to point to the conclusion that the post-Glenwood and pre- 
Calumet interpretation is correct, since the whole history of 
Wilmette Bay corroborates it. The strata near Evanston which 
underlie the Rose Hill Bar contain no evidences of life (excepting 
the remains of wood) and probably represent a land surface 
(Goldthwait, Bull. 7, Ill. Geol. Surv., p. 65) bordering a swamp. 


It has been stated by several writers’ that at the time of the 
post-Glenwood deposits a climate and flora existed similar to that 
of Alaska. The presence of the spruce (Picea evanstoni or cana- 
densis), which does not now grow within about one hundred 
miles, seems to afford ample evidence of a colder climate. 

The presence of Unio crassidens in the Upper Tolleston deposits 
is of great interest. This has been thought® to indicate a warmer 
climate than now prevails, especially in view of the fact that the 
species has also been found in deposits near Green Bay.’ It may 
be, however, that this is a case in which the mollusk was not able 
to adapt itself to a new environment and so became extinct so 
far as these regions are concerned. The Green Bay fauna evi- 
‘dently followed the Wisconsin River-Lake Nicolet route. The 
northern limit of this species at present is as follows: 


Wisconsin, between Prairie du Chien and De Soto”............. 
Minnesota, not recorded. 


Michigan, not recorded. : 

Minois, Utica, La Salle 220 miles 


Of the other species represented in this deposit, all are now 
living in the Chicago area excepting Amnicola letsoni,*® which 
was first discovered in the gravel deposits of Goat Island, Niagara 
Falls.1° Quadrula coccinea is also quite different from the usual 
form as found in northern Illinois and appears to be the same as 
the variety paupercula of Simpson. As the species enumerated as 
having been found in the Upper Tolleston deposit also live as 


For example, Hig and Badéia, Bull. Chi. Acad. Sci., II, No. 1, p. XIV. 
*Science, n. s. I 

*Wagner, Nautilus, XV 97-100, 1905. 

Chadw dwick, Bul Bull. Wis. ist. Soc., IV, p. 95, 1906. 
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Record. 
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. WSterki, Proc. Ohio Acad. Sci., IV, p. 392, 1907. 
“Daniels, 27th An. Rep. Dept. Geol 
1. Bull. Buf. Soc. N. Sci., VII, No. 
"This species has since been found 


| 
; 
a 


114 ILLINOIS ACADEMY OF SCIENCE. 


far south as Texas and as far north as southern Wisconsin and 
southern Michigan, it is perhaps unwarranted to infer that because 
of the presence of Unio crassidens there was a warmer climate at 


this time, yet this seems not at all improbable in view of the 
Green Bay record. 


It is interesting to note that the interglacial beds of the Don 
Valley near Toronto, Canada, contain several of the species which 
occur in the Chicago deposits. As these are mostly Mississippi 
Valley species they must have reached this point by way of the 
southwest and they possibly migrated through an ancient water- 
way near the present site of Chicago. For comparison, the Unios 
of the two regions are placed in parallel columns.’" 


Don CHICAGO. 


undulatus. undulatus. 
rectus. 


luteolus. luteolus. 


gibbosus. 
phaseolus. 


trigonus. trigonus. 
coccineus. coccineus. 


occidens. 
solidus. 
clavus. 
pyramidatus. 


pustulosus. 
lachrymosus. 


It will be noted that but five species are common to both 
deposits, while six species are found in the Don beds which are 
absent from the Chicago beds, and six species found in the Chi- 
cago beds are absent from the Don beds. The Don deposits are 
believed to have been laid down in a comparatively warm climate, 
as indicated by both the plants and animals. 


It is important that post-glacial deposits on both the east and 
the west shores of Lake Michigan should be carefully studied 
and their biologic contents accurately noted, to the end that these 
facts may be correlated with those herein presented. Sedimentary 
deposits are known to exist at Green Bay and at Milwaukee, and 
these should contain ample evidence of post-glacial life. Studies 
now in progress in other parts of the Chicago Lake basin are 
expected to add much evidence confirmatory of the interpretation 
herein presented. 


See Coleman, Interglacial Periods in Canada, p. 16, 1906. 
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SUMMARY. 

The study of the strata deposited in post-glacial Wilmette Bay 
has led to the following conclusions : 

1. There was but slight deposition during the GLENWoop sTAGE 
and no life. 

2. A post-GLENWOOD LOW-WATER STAGE ensued in which the 
level of the lake dropped to about the 590 foot contour, the water 
being from five to ten feet in depth. There was a rich and abund- 
ant fauna of mollusks, and the neighboring shore supported a 
vigorous growth of spruce and oak. 

3. The lake level rose to the 610-620 foot contours (CALUMET 
STAGE), flooding the silt deposits and burying them under a heavy 
deposit of sand and gravel. The Rose Hill bar was extended 
from the shore near Wilmette, southward below North Evanston, 
as a huge bar, the southern portion forming a submerged reef. 
No life present. Wilmette Bay was at this stage an open bay 
from five to thirty feet in depth, protected on the north by the 
Rose Hill bar and on the east by the submerged reef, rapidly 
forming. 

4. The water fell to about the 600 foot contour (Upper Tot- 
LESTON STAGE), the Rose Hill*bar extended southward and was 
built up on the reef formed during the Calumet stage. The beach 
ridge, upon which Graceland cemetery is located, was probably 
formed during this stage, first as a submerged reef, and later as 
a beach ridge. A rich fauna at this time migrated up the Des 
Plaines River and formed the heavy Unio beds which are found 
on the surface of the Calumet gravels. This bay was nearly ten 
miles long, two to three miles wide and from five to twenty feet 
deep. 

5. A low water stage followed the Upper Tolleston. This is. 
indicated by the oxidized character of the deposit overlying the 
Unio bed. 

6. During the next stage, which may be called the MrppLe 
ToLvestTon, the water level again rose to a point somewhat above 
the 590 foot contour, forming a shallow bay about three miles 
long, one mile wide and five to twelve feet deep. A rich fauna 
and flora of swamp and shallow water mollusks and plants devel- 
oped in this bay, forming deposits aggregating twenty inches in 
thickness. This stage forms part of LAkE ALGONQUIN. 

%. A third low water stage followed the Middle Tolleston. 
Evidences of this are seen in the oxidized character of the stratum 
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overlying the Middle Tolleston marl beds and also in the presence 
of crawfish burrows. 

8. Following the low-water stage the water again rose and 
flooded the bay to the depth of ten feet, producing an embayment 
nearly equal in area to that of the Middle Tolleston stage. This 
(Lower To.ueston), the last of the Lake Chicago stages, was 
characterized by an abundant fauna consisting of swamp and 
shallow water types. This stage must have been of considerable 
duration as silt was deposited to a depth of over two feet. 

9. The water fell to the level of Lake Michigan and the bed 
of Wilmette Bay became a marsh, wet during the spring and dry 
in the fall. This condition prevailed until the region was drained 
by man during the past century. 

My thanks are due the following gentlemen for assistance: 

Dr. Rollin Chamberlin, University of Chicago. 

Mr. C. A. Davis, Washington, D. C. 

Mr. Bryant Walker, Detroit, Michigan. 

Mr. A. S. Lewis, Superintendent, Lincoln Park. 

Dr. V. Sterki, New Philadelphia, Ohio. 

Dr. A. E. Ortman, Carnegie Museum, Pittsburgh, Pa. 

U. S. Naval Station, Illinois. 


DISCUSSION. 


In answer to a question Mr. Baker said: 

“The spruce is probably the same as Penhallow’s Picea Evans- 
toni, which may be the same as Picea Canadensis. I have not yet 
received identifications of the other plants found in these strata. 
I know only of the spruce, oak, Chara, and Potamogeton.” 

Mr. Cowlés.—“Do you know what species the oak is?” 

Mr. Baker—“TI think it is Quercus Marceyana. The question 
at issue is the stage during which the lower marsh deposits were 
deposited. Are they post or pre-Calumet? If post-Calumet, as 
some geologists would have us believe, then what is the heavy 
deposit of gravel above these marsh deposits? I think there is no 
escape from the conclusion that they are pre-Calumet.” 
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EVAPORATION AND PLANT SUCCESSION ON THE 
SAND DUNES OF LAKE MICHIGAN. 


By Georce D. FuLter, 
University of Chicago. 


The porous cup atmometer as used today was devised by Dr. 
B. E. Livingston in 1906. It consists of a hollow cup of porous 
clay 12.5 cm. high, with an internal diameter of 2.5 cm. and a 
thickness of wall of about 3 mm. It is filled with pure water and 
connected by means of glass tubing to a reservoir usually consist- 
ing of a wide mouthed glass bottle of one-half liter capacity. The 
water, passing through the porous walls, evaporates from the sur- 
face, the loss being constantly replaced from the supply within 
the reservoir. Readings are made by refilling the reservoir from 
a graduated burette to a certain mark scratched upon its neck. 
For convenience in handling a portion of the base of the cup is 
coated with some impervious substance and before being used in 
the field the instrument is standardized by comparing its loss of 
water with that from a free water surface of 45 sq. cm., exposed 
under uniform conditions. As a further check against error this 
standardization is repeated at intervals of six to eight weeks 
throughout the season. 

The instrument thus briefly described is designed to be used 
by ecologists in measuring the evaporating power of the air in 
plant habitats. This power varies with changes in temperature, 
' humidity, and rate of motion of the atmosphere, and with the 
intensity of the illumination. The readings of the atmometer, there- 
fore, express a summation of the various atmospheric factors 
which combine in making demands upon the water contained in 
the aerial portion of plants. By careful experiments it has been 
found that there is a close relationship between transpiration and 
this evaporating power of the air. The atmometer, therefore, gives 
a convenient and accurate means for the quantitative determina- 
tion of those atmospheric factors which affect the water supply 
of plants, or in other words, it affords a means of exactly meas- 
uring the comparative xerophytism of plant habitats in so far 
as it is determined by atmospheric conditions. The importance 
of such measurements may be imagined when it is recalled that 
ecologists are agreed that water is by far the most important 
factor in determining the character and extent of the various 
plant associations. 
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During the spring and summer of 1910, an attempt was made 
to obtain such a quantitative determination of the atmospheric 
conditions within the vegetation upon the sand dunes of Lake 
Michigan, in order to discover any existing causal connection 
between such conditions and the plainly marked succession of 
plant associations within these areas. The region selected for 
study was about twenty miles south and east of Chicago, near the 
little village of Millers, Ind. Here typical localities in each of 
the several plant associations were carefuly chosen for the evap- 
oration stations which were maintained from May 6 to October 31, 
readings being made weekly. 

On the moving dunes the pioneer tree association is one of the 
cottonwood, Populus deltoides, with a scanty undergrowth of two 
species of willow, the sand cherry and various xerophytic grasses, 
In this association three stations were established about 100 meters 
apart, nearly 200 meters south of Lake Michigan and 12 meters 
above the level of its waters. At each the instruments were some- 
what shaded during a few hours of the day; one possessing some 
shelter from the northwest wind and another from the southwest. 
The mean of the standardized readings were plotted with the daily 
average evaporation in cubic centimeters as ordinates and the 
intervals between the weekly readings as abscissae. The graphs 
for the cottonwood stations were found to agree in their general 
direction and in the time of their maxima and minima, the minor 
differences being probably due to the differences in the direction 
of the winds to which the stations were unequally exposed. The 
mean of the readings of these stations is used in comparing the 
cottonwood dune with the other plant associations. (Fig. 2.) 

The maximum average evaporation for any week is just above 
35 cc. per day and the minimum less than 10 cc., while the average 
for the 178 days is 21.1 cc. per day. 

As the dunes become fixed, a pine association succeeds the 
cottonwood. Here it is composed principally of Pinus Banksiana, 
Juniperus virginiana, and J. communis with an undergrowth. of 
Arctestaphylos Uva-ursi, Rhus canadensis, seedlings of black oak, 
and various other shrubs and xerophytic herbs. Within it sta- 
tion No. 4 was located about 50 meters south of stations Nos. 2 
and 3. The instruments were shaded for about two-thirds of 
the day. The resulting graph is much lower than that of the 
cottonwood dune, the maxima are smaller but occur at the same 
time. The minima are also synchronos but smaller, especially 
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during October. (Fig. 2.) The maximum rate never reaches 
20 cc. per day, the minimum falls below 4cc. while the average 
for the season is 11.3 cc. daily. 


Following the pines upon the fixed dunes comes Quercus 


SEPTEMBER] OCTOBER 


fi 


Cottonwood GUNG 
Gok dane 
Beech-maple forest 


Figure 2. Mean daily evaporation rates in the sand dune plant asso- 
ciations and in the beech-maple forest. 


velutina, finally forming at a distance of some 600 meters from 
the last station an almost pure stand of black oak, here referred to 
as the “oak dune.” In the undergrowth are Viburnum acerifo- 
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lium, Prunus virginiana, Vaccinium pennsylvanicum, Quercus alba 
(seedlings), Ceanothus americanus, Asclepias tuberosa and other 
characteristic shrubs and herbs. Three stations were placed here 
about 50 meters apart, No. 6 on a fixed dune 12 meters high, 
No. 7 on a slope 5 meters above the general level and No. 8 on 
the floor of the forest. All were about equally exposed and 
shaded. The resulting graphs show differences corresponding 
closely to the elevation of their respective stations. The com- 
paratively great elevation of the curve during the months of May 
and October when the oaks were not in full foliage is worthy 
of notice. The maximum for the summer months is 16 cc. per 
day and the average for the three stations for the 178 days is 
10.3 cc. per day. 

At Millers the vegetation exhibits no successional stages beyond 
the oak dune, but 15 miles farther east, near the village of Otis, 
Ind., there is a comparatively undisturbed tract of the climax 
deciduous forest here dominated by the beech, Fagus grandifolia. 
In parts of the forest sugar maple is fairly abundant, with occa- 
sional trees of Tilia americana, Ostrya virginiana and Prunus 
serotina. The undergrowth is principally seedlings of the trees 
mentioned, Viburnum pubescens, Asimina triloba, together with 
the usual mesophytic herbs. Here three stations were established, 
but on account of the poor train service, readings were made 
only every second week from May 30 to November 1. Station 11 
was well surrounded by maple seedlings and largely shaded by 
maple trees, station 12 was near a large beech tree on a slope 
covered with a growth of Impatiens, and station 13 was in the 
midst of beech seedlings between two large beech trees. To- 
gether they seemed to well represent the average conditions of the 
beech forest. ‘The resulting graphs were very similar and their 
mean is used in comparison with those from the other associations. 

The maxima are in July and August, and amount to little more 
than 12 cc. daily, the minimum occurs in September and is scarcely 
3 cc. per day, while the average for the 155 days is 8.1 cc. per day. 

Several methods may be employed in comparing the data 
obtained from the various evaporation stations. Perhaps the best 
is to plot upon the same chart graphs representing the mean daily 
evaporation by weeks from the several stations in the different 
associations (Fig. 2). It will be seen that the graphs show several 
similarities, but more differences. The maxima and minima are 
generally coincident in time and proportionate in amount. All 
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show great irregularity during spring and autumn and a compara- 
tively high rate during July and August. The general height of 
the different graphs probably expresses the most instructive and 
intresting differences in the different habitats. That of the cotton- 
wood dune is farthest removed from those of the other associa- 
tions and shows a habitat not only with great evaporating power, 
but one of great extremes, the difference in rate between two con- 
secutive weeks being nearly or quite 10 cc. per day during May 
and the first part of June, and on two occasions amounting to an 
increase of 100 per cent in one week as compared with the pre- 
ceding. This occurring early during the growing period would 
doubtless be very unfavorable for the development of any seed- 
lings, especially as it was followed by the very high rates of the 
succeeding months. The high maximum occurring at midsummer 
would probably prove the excluding factor for all mesophytic 
plants even if not combined with such other factors as the defi- 
ciency of soil water at the same time. Such a graph seems to 
depict rather well a habitat of atmospheric extremes, making large 
demands upon all available water, and naturally and necessarily 
resulting in a xerophytic plant association, with a very limited 
undergrowth and an almost entire absence of herbaceous plants 
and seedlings. Perhaps nowhere could an association be found 
so entirely dependent upon vegetative reproduction for its main- 
tenance, as almost without exception any increase in vegetation 
is the result of development from subterranean branches. 


The graph for the pine dunes is decidedly lower and more 
regular in its contour than that of the association which it suc- 
ceeds. Its four nearly equal maxima would indicate that within 
its limits there was throughout the summer season a continuous 
stress rather than a series of violent extremes. On the whole it 
shows a water demand of little more than half of that occurring 
in the cottonwood dunes. Its greatest divergence is plainly due 
to the evergreen character of its vegetation and is seen on its low 
range in May and the first part of June, and again in October 
when it falls below that of the oak dunes and is even less than 
that of the beech-maple forest. This would give good reasons 
for expecting to find within this association truly mesophytic 
plants whose activities are limited to the early spring. 

The graph from the oak dune stations shows two surprisingly 
high points; one during May that may be partially explained by 
the absence of foliage; and the other near the end of June which 
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seems to coincide with maxima in the other associations. On the 
whole, it is more moderate during the summer months than that 
of the pine dune, but the difference is not so great as to make 
it surprising that its undergrowth differs but little from that 
found in the pine dune association. 

The graph from the beech-maple forest stations is one of mod- 
erate height and great regularity. At no point does it reach to 
half the height of that from the cottonwood dune but surpasses 
that of the pine dune in October. : vr 

The data of these observations relate only to the stratum of 
vegetation immediately above the surface of the soil and would 
be quite different at a height of one or two meters. This lower 
stratum is, however, the critical one for a forest association for 
the development of tree seedlings occurs within its limits and it 


0 
Cottonwood dune 
Pine dune 
Oak dune 
Beech-maple forest 


Figure 3. . Diagram showing the comparative evaporation rates in 
different associations on the basis of the average daily amount from 
May 6 to October 31, 1910. 


is therefore the portion of the habitat which determines the forest 
succession and hence the most important ecologically. 

The rates of evaporation in the different plant associations may 
be compared in other ways. If the average amount of water 
lost by the standard atmometer daily throughout the season be 
taken as a basis represented in a diagram giving the loss in cubic 
centimeters (Fig. 3), a graphic representation results which, how- 
ever, tells little more than what has been shown differently in 
the graphs. Likewise, the maximum daily rates for the week 
of greatest evaporation during the season gives a similar repre- 
sentation of the conditions in the several plant associations 
(Fig. 4). Upon a percentage basis, with the average rate per day 
throughout the season in the beech-maple forest as a unit, the 
comparative evaporation rate in the oak dune is 127 per cent; 
in the pine dune, 140 per cent, and in the cottonwood dune, 260 
per cent. As the months of July and August probably represent 
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the critical portion of the growing season with reference to its 
water supplies, a comparison like the preceding might be made 
for those months only, when it would be found that the compara- 
tive evaporation in the oak dune would be 1173 per cent, in the 
pine dune 146 per cent, and in the cottonwood dune 230 per cent. 


0 


Cottonwood dune 
Pine dune 
Oak dune 
Beech-maple forest 


Figure 4. Diagram showing the comparative evaporation rates in 
different plant associations on the basis of the maximum average amount 
per day for any week between May 6 and October 31, 1910. 


SUMMARY. 


1. These data represent the evaporation rates in the lower but 
critical stratum of the plant associations. 

2. Evaporation at different stations in the same plant associa- 
tion exhibits variations similar in character and degree. 

3. The rate of evaporation in the cottonwood dune association 
both by its great amount and by its excessive variation seems a 
quite sufficient cause for the xerophytic character of the vegeta- 
tion and for the absence of undergrowth. 

4. Evaporation in the pine dune association exceeds that in the 
oak and beech associations except when the latter are devoid of 5 
foliage. 

5. The vernal vegetation of the pine dune is quite as meso- 
phytic as that of the succeeding association, thus agreeing with 
its lower evaporation rate during that portion of the year. 

6. Evaporation in the various association varies directly with 
the order of their occurrence in the succession. 

%. The differences in the rate of evaporation in the various 
plant associations studied are sufficient to indicate that the atmos- 
pheric conditions are most efficient factors in causing succession. 
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SEASONAL SUCCESSION IN OLD FOREST PONDS. 
By W. C. ALLEE, 
University of Chicago. 

The phenomenon of seasonal variation in animal habitats has 
long been recognized, yet I have been unable to find any exact 
data on the subject in ecological literature. The investigations of 
which this is a preliminary report are being carried on with a 
view to help fill this deficiency. The results given are based on 
collections which have been made regularly since the summer of 
1909. 

DEFINITION. 

Seasonal succession may be defined as the gradual replacing of 
one complex of animal life by another. These different complexes 
may be designated in terms of the species or taxonomic group of 
animals that are dominant at any given time. This dominance is 
composed of two factors: (1) pure numerical dominance, and (2) 
distribution in the pond. Either of these may vary without notice- 
ably affecting the other. But since many of the forms never rise 
to a dominant position, seasonal succession requires a study of the 
seasonal development of each member of the complex. 

This work on seasonal succession is important because of its 
bearing on ecological succession. The animal associations in one 
pond vary more at different times of the year than the associations 
of many ecologically related habitats studied at the same season. 
The seasonal changes have brought the same errors into the study 
of ecological succession that a disregard of daily migration would 
bring into work on seasonal succession. 


AREA, 
The ponds under consideration are in the oldest part of the 
slough system at the south end of Lake Michigan, where the 
subsidence of the lake has exposed a series of long sloughs and 
ridges. There are about one hundred of these between the lake 
and the last of the old Lake Chicago beaches. The ponds most 
carefully studied are in the ninety-third depression back from the 
_ lake. A part of this depression which has been isolated from the 
rest of the slough by artificial grades, has been the basis of most 
of the collections. In this pond the marginal areas are being 
invaded by bushes; the shallower part of the open water is over- 
grown by equisetum in the summer, and a smaller zone of lilypads 
occupies the deeper water. 
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Ecological conditions similar to the various habitats in Slough 93 
were found in the fifty-sixth, ninety-second and _ninety-fifth 
sloughs and a series of collections has been made in each of these. 
The plans for the work this spring include the making of a topo- 
graphical map of this region. The mapping of the sloughs is to be 
based largely on new surveys made for that purpose. 

QUALITATIVE SUCCESSION. 

The first work attempted was to find the qualitative succession 
during the year. The results so far obtained are listed in Table I. 
Animals may have been present when they are not recorded in the 
list, but if they were, they must have been much restricted in 
numbers as well as in habitat. 


TABLE I 
GROUP NAME SCIENTIFIC NAME. 


Agrionide larve 

Agrionide adults 

Backswimmers Plea striola (Felt) 
Notonecta undulata (Say 


eeee 


Branchipus 
Caddice fly larvee 


Corethra larve. 
Stratiomyiide 


r 
pibellula 
Lestes vigilax ( 
Lestes rectan jarie 
Sympetrum obtrusum 
Sympetrum 


sp 
Hydroporus modestus (Aube) 
smopachri 

Colymbetes sculptilis 

Laccophilus sp 

Graphoderes sp 

Ephemeridee Siphlurus 

tworms 

Rana sp. larve 

Acris gryllus (Le Carte) 
Gammaridas Eucrangonyx gracilis 
Giant water bug Amorgius americanum (Leidy) 
Gyrinide Dinentes hornii (Roberts) 
Heterotrichide 
Hydrophyllide 


rve 

Asellus communis (Sa: y) 
Mancasellus danielsii (Richardson) 
Erpobdella punctata (Leid 
Glossiphonia heteroclita ( 
Lymnea reflexa (Say) 

Planorbis exacutus 
Planorbis trivolvis 

Planorbis deflectus Say 
Segmentina armigera 


ES > z 
£3 | 
eevee 
Chauliodes Chauliodes rastricornis (Rambur)... . 
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Amblystoma tigrinum (Green) 
Musculium securis (Prime) 
Musculium truncatum (Lins.) 
Pilzeus (Hentz) 


Gerris marginatus 
Ranatra fusca (P. 
drometri martini (Kirk) 


$ 2423 2540 5664 2519 15 


As would be expected, the number of species present is greatest 
in mid-summer. The culmination in number of forms living in 
the water comes in July. The greatest invasion of land forms 
into the pond area occurs in August when the water level is low 
and the pond is more nearly choked with vegetation. 


QUANTITATIVE SUCCESSION. 


Qualitative work, however, is not sufficient ground on which to 
base exact conclusions. It is also necessary to have exact data 
regarding the abundance of each of these species throughout the 
year. In order to obtain this information quantitative collections 
must be taken. The quantitative work carried on so far has been 
done by means of nets of a known size operated through like dis- 
tances in as nearly like conditions as possible. It may be added 
that in orderto do away with the obvious sources of error arising 
from collecting with nets, a galvanized iron cylinder should be 
used. This should be sunk into the mud for each collection and 
the animals contained in it counted and their position noted. 

Table II shows the results of quantitative tow-net collections 
made at the surface of the lilypad region. In these the net used 
was of millers’ bolting cloth, with an opening one foot in diameter. 
The net was slowly hauled a distance of forty feet with the top 
of the opening at the water’s surface. The collections were made 
in the early morning or late afternoon to guard against errors due 
to the daily vertical migration, which was very pronounced. In all 
instances the figures show the result of one typical haul taken 
near the close of the month. Unfortunately, the collections for 
July were made under too diverse conditions to be comparable to 
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those of the other months. Only some of the most typical species 
are listed. TABLE II. 
QUANTITATIVE SURFACE COLLECTIONS. 


‘dy 
AeW 


Group NAME. ScrenTIFIC NAME. 


Snail Lymnaea reflexa (Say) 
Planorbis exacutus (Say) 
Physa gyrina (Say) 
entina armigera (Say)... 
4 Planorbis trivolvis (Say 
Sphaeride Musculium truncatum (Lins.). 2 
Tsopoda Asellus communis (Say) 3 30 
Mancasellus danielsii 
ardson) 


ww 


Amphipoda 
Branchipus 
Ephemeride larve 
Agrionidz larve 
Corethra larve 
Hydrochinide 


scidze Dytiscus sp. 
The table shows that the number of individuals present at the 


surface increases and decreases in much the same manner as the 
number of species. This is best shown by the snail Lymnaea 


reflexa, whose relative abundance gives data for an almost perfect 
seasonal curve. Pronounced cases of seasonal change due directly 
to breeding habits are shown by the Ephemeride and Agrionide 
larve. 

In midsummer this lilypad region was the most thickly popu- 
lated of any part of the pond, but earlier in the spring animals had 
been most abundant at the bottom along the pond margin. Table 
III shows the results of dredgings made at the margin during this 
‘season of marginal dominance. These collections were made with 
a dip net one foot in diameter, with all variable features made as 
comparable as possible. Each number is the result obtained from 
three consecutive dredgings. 

TABLE III. 
QuanTiTATiIve Bottom COLLECTIONS. 


Group NAME. ScrenTIFIC NAME. 


Snails Planorbis trivolvis (Say) 
Planorbis deflectus (Say) 
Segmentina armigera (Say) 
A ysa gyrina (Say) 
Sphariide Musculium truncatum (Lins.)...... 
Isopoda Asellus communis (Say) 54 
Mancasellus danielsii 20 
49 
1 
1 


Eucrangonyx gracilis (Smith) 
1SCl 
Leech 


: 
3 
23 7815 1 
2 
12 
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The figures show the decrease of the crustacean complex in 
this region and a start toward the summer increase among the 
molluscs. They also show that the margin does not lose its 
ascendency so much on account of a mid-summer decrease in the 
forms present in this part of the pond, but rather because of the 
amount of animal life among the lilypads. 

The same state of affairs is shown by the relation between the 
pond crustaceans and the pond snails. The crustaceans remain 
near the same number throughout the year, while the snails are 
represented by only a few forms in the spring and autumn, but are 
more abundant than any other group in mid-summer. This makes 
the crustaceans the dominant group in spring and autumn, not 


L 
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Figure 5. Varidtion curves of pond snails and crustaceans. 


because of any decided difference in their own numbers, but be- 
cause of the scarcity of the snails. The relation existing between 
the two forms throughout the year is illustrated by the curves 
plotted in Figure 5. The longer curve represents the seasonal 
development of the molluscan group. The strong increase in the 
spring is due at first to their coming out of hibernation and later 
to the progress of the new generation. The rapid decrease is due 
both to death and to hibernation. With the Jsopods the breeding 
season culminates much earlier and the old generation tends to 
die off, leaving a fairly constant midsummer line. Both com- 
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plexes end higher in the autumn than they start in the spring—a 
condition which must be due to the effect of winter killing. 


SUMMARY. 


The results so far obtained in this investigation may be briefly 
summarized as follows: 


(1) The phenomena of seasonal succession holds, both in 
regard to succession of species and to the number of individuals 
in a species. 

(2) The position of dominance in point of numbers and of 
distribution is held by crustaceans in the spring and autumn, with 
Asellus commuuis as the dominant species; and by molluscs in 
midsummer, with Lymnaea reflexa dominant. 


(3) The most crowded habitat is on the bottom along the pond 
margin in spring, on the surface or in the mid-depths of the deep- 
est water in midsummer, and near the green water plants in 
autumn. 


(4) The forms tend to distribute themselves over the whole 
pond, but are much more restricted during part of the year, espe- 
cially during the breeding season. 

The external factors influencing seasonal succession may be 
summarized as: temperature, amount of water, chemical compo- 
sition of water, amount and character of food and the physical 
condition of the habitat. In seasonal succession the dynamic 
effect of the animals themselves upon their own habitat is not 
nearly so marked as in ecological succession; yet this dynamic 
effect can be demonstrated to be present so that the phenomena 
of seasonal succession may be regarded as the cyclic or slightly 
spiral process, by means of which ecological succession is carried 
on. It therefore presents a minute unit for the study of the gen- 
eral succession problem. While no attempt has been made as yet 
to analyze the causes of seasonal succession into their ultimate 
factors, still, by careful quantitative collecting of animals and by 
complete chemical analysis of the pond water we may hope to find 
these factors. At least we can approximate them with much more 
certainty than in ecological succession, where the time element 
presents a great complication. 


The writer is indebted to Dr. V. E. Shelford for help and kindly 
criticism during the continuance of this work. 
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REPRODUCTION BY LAYERING IN THE BALSAM FIR 
AND OTHER CONIFERS. 


By Witiam S. Cooper, 
University of Chicago. 
(Abstract. ) 


During ecological studies on Isle Royale, Lake Superior, many 
balsams were found which were producing young trees by the 
layering of the lower branches. The process was found to be 
usually as follows. A lower branch, becoming more or less soil 
covered, produces roots from its under side, and the tip then 
becomes erect and takes on radial symmetry. The erect portion 
derives practically all of its sustenance from its own root system, 
the portion connecting it with the parent not developing further. 
Connected groups of several were frequently seen, and the com- 
monness of the habit is partially responsible for the great pre- 
ponderance of balsam in the young growth. The young tree-like 
branch may sooner or later be detached from the parent, and when 
this takes place the former becomes an independent tree. One 
case was seen in which the tip of a lower branch had taken the 
erect position without the production of roots. The habit was 
also observed, though less commonly, in all the other coniferous 
species growing on Isle Royale. 

There is here an excellent opportunity for investigation of the 


causes of orthotropism and plagiotropism, and their mutual rela- 
tions. 


Discussion. 


Mr. Cowles—*This is interesting from two or three stand- 
points. In the first place, it casts discredit on a great many eco- 
logical works of the past, in that we have not been subterranean 
enough in our habit. We have got to use the spade a great deal 
more than we have been doing. Another point of interest is that 
here we find the possibility for a greater lease of life for our forest 
succession—much greater than we had believed possible. A plant 
which would give so much shade that the seedlings did not germi- 
nate is naturally limited, and one that can reproduce by layering 
of this sort is naturally much better provided for.” 


Mr. Hessler —“T have seen that similar method of reproduction 
in Arbor Vite.” 
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ECOLOGICAL STUDIES OF THE PRAIRIE AND FOREST 
IN ILLINOIS. 


By Cartes C. ADAms, 
University of Illinois, Urbana. 


(Abstract. ) 


During August, 1910, the writer, representing the Illinois State 
Laboratory of Natural History, T. L. Hankinson of the Eastern 
Illinois Normal School, and E. N. Transeau, co-operated in an 
ecological reconnoissance of the vicinity of Charleston, Coles 
County, Illinois. Representative patches of prairie and forest 
were examined, described, photographed ; the plants and animals 
were studied and their inter-relations were studied as fully as 
time would permit. A report on the work is in preparation, in 
which Transeau describes the vegetation, Hankinson the verte- 
brate, and Adams the invertebrate associations. It is planned to 
make this report an example of what kind of work may be 
expected from local studies in which only a limited amount of time 
is available. 


A HANDBOOK FOR STUDENTS OF ANIMAL ECOLOGY. 


By Cartes C, ADAMs, 
University of Illinois, Urbana. 


(Outline. 


The plan of this handbook may be indicated by its contents as 
follows: Aim, methods, points of view, ecological survey, work- 
ing plan, field study, taking notes, collecting and preserving speci- 
mens, determination of specimens, sources of facts needed in 
ecological studies, and concluding with a selected annotated list 
of papers dealing with the laws of change in the environment, in 
the organisms and the relative adjustment between the organism 
and the environment. 
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A PRELIMINARY LIST OF ANTS FROM ILLINOIS. 


By Maurice Cote Tanguary, 
University of Illinois, Urbana. 

Some time ago I began work on the life history and ecology of 
our common corn-field ant, Lasius niger var. americanus. At the 
time I did not expect to study ants from the systematic standpoint, 
but on numerous field trips in search of colonies of L. americanus, 
I collected a great many ants belonging to other species, and was 
thus naturally led to take up a study of the occurrence and distri- 
bution of the various species of ants. 

The following list is not assumed to be by any means complete 
for the ants of Illinois. In fact, the object of this paper is not 
so much to list the species already collected as to secure any possi- 
ble co-operation on the part of members of the Academy in 
obtaining material for identification, and data from different parts 
of the state. As I understand it, one of the objects of this Acad- 
emy is to enable investigators working in different parts of the 
state, especially those working on ecological and distributional 
problems, to co-operate in their work in such a way as to bring 
about the greatest mutual benefit. As a matter of fact, a certain 
amount of co-operation is necessary in order to work up the dis- 
tribution of species over an area of any considerable extent. 

The following list of ants I obtained from three sources: 
(1) my own collection, containing fifty-one species from this state ; 
(2) from the collections of the Illinois State Laboratory of Nat- 
ural History [including the Nason collection, the ants of which 
were determined by Prof. W. M. Wheeler] ; and (3) the last thir- 
teen species were kindly added by Prof. W. M. Wheeler from the 
list of species which he has taken in Illinois. Some of the ants 
of the State Laboratory collections were determined a number 
of years ago by Pergande, but the bulk of the material is as yet 
undetermined. 

SuBFAMILY PoNERIN2. 

This subfamily is represented by two species belonging to dif- 
ferent genera. : 

1. Stigmatomma pallipes Haldeman. 

2. Ponera coarctata Latreille. 

These two species are the most primitive of our ants, and 
as a rule are found in rather low, moist situations. Their colonies 


are always small, most of them containing less than a dozen indi- 


viduals, 
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SuBFAMILY MyRrMICIN2. 

This subfamily is apparently the richest in number of genera, 
there being eleven in my list, most of them, however, being repre- 
sented by but a few species. 

Myrmecina sp. I have not taken this genus in Illinois, but find 
it represented by one specimen in the collection of the State 
Laboratory, taken on the University farm at Urbana in 1887. 

Monomorium. This genus is represented by two very common 
species. 

M. pharaonis L., the little red house-ant. 

M. minimum Buckley, a small black ant found along roadsides 
and in meadows. 

Solenopsis molesta Say, one of the smallest ants we have, the 
tiny yellow ant found commonly in fields and sometimes in houses. 

Pheidole pilifera Roger. 

P. vinelandica Forel. 


Of these two species the first is apparently much more widely 
distributed in Illinois. P. vinelandica is found in sandy situations 
especially. Both species are quite small, and have major workers 
with enormously enlarged heads. 

Cremastogaster lineolata Say is a common and very widely dis- 
tributed species. It nests in fields under stones, in logs and 
stumps, under bark, in hollow stems of weeds, etc. It seems to 
_ be quite a variable species. I have one distinct variety so far, 
C. lineolata lutescens Emery. 

C. victima F. Smith. A few specimens of this species were 
found in the Nason collection. 

Stenamma.’ One species of this genus. 

S. brevicorne Mayr. 

Aphenogaster. 


A. fulva Roger. 

A. fulva aquia Buckley. 

A. tennesseensis Mayr. 

The above two species and variety of Aphenogaster are quite 
common in timber. They are the slender, reddish ants found 
under bark and in decaying wood. 

A. lamellidens Mayr. | find this species represented in the State 


Laboratory collection by one specimen, taken at Aurora, Ill. in 
1883. 
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Myrmica. 

M. scabrinodis sabuleti Meinert. This is the commonest species 
of this genus found here. 

M. scabrinodis schencki Emery. Taken near Chicago. 

M. brevinodis canadensis Wheeler. 

Leptothorax. Two species of this genus are fairly common. 

L. curvispinosus Mayr. 

L. fortinodis melanoticus Wheeler. 

Both of these species live in such protected situations, as under 
bark of trees, in stems of weeds, etc. I have found entire colonies 
of the first species passing the winter on the inside of dried apples 
which had fallen to the ground and were protected by dead leaves. 

Strumygenys. This genus is rare. I have two specimens taken 
near Bloomington, IIl., by Messrs. W. P. Flint and G. E. Sanders, 
the species of which I have not yet determined. 

S. clypeata Roger. A number of specimens of this species was 
found by Mr. James Zetek in a wood near Urbana. 

Trachymyrmex. This is a southern genus, and I have but one 
vial of it in my collection. 

T. septentrionalis McCook. This was taken at Elizabethtown, 
Ill, by W. P. Flint. It is one of the fungus-growing ants. 


SUBFAMILY DOLOCHODERIN2. 


This subfamily is represented by two species belonging to differ- 
ent genera. 

Tapinoma sessile Say. A small, black ant having the odor of 
rancid butter. Rather common. 

Iridomyrmex analis André. I have taken this ant in but one 
situation, near Urbana. This is the same genus as the introduced 
ant that is proving to be such a pest at some places in the southern 
States. 

SuBFAMILY CAMPANOTINZ. 

While this subfamily is represented in the collections by fewer 
genera than the Myrmicine, it contains our three most dominant 
genera, Lasius, Formica and Campanotus. 

Brachymyrmex heeri subsp. depilis Emery. 

Prenolepis imparis Say. 

P. imparis testacea Emery. 

Lasius. 

L. niger americanus, the small, brown, corn-field ant, the most 
common of all our ants. 
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L. umbratus subsp. mixtus var. aphidicola Walsh, fairly 
common. 

L. umbratus minutus Emery. This ant is not at all common. 
I have never taken it in Illinois myself, and have never seen more 
than one nest. This was one I found near Boston, Mass. It was 
a large mound nest about two and a half feet high, and contained 
many thousands of individuals—males, females, and workers. The 
specimens I have from Illinois were collected by Dr. C. C. Adams 
from a mound nest near Chicago. 

L. (Acanthomyops) claviger Roger. 

L. (Acanthomyops) latipes Walsh. 

L. (Acanthomyops) interjectus Mayr. 

These three species of the subgenus Acanthomyops are rather 
common in Illinois. They may be distinguished from the other 
yellow Lasii by having an odor something like that of oil of 
citronella. 

Formica. In my own collection and that of the State Labora- 
tory I have found fifteen species and varieties of this genus. 

F. sanguinea rubicunda Emery. Slave-making species. 

. Sanguina subintegra Emery. Slave-making species. 

. rufa obscuriventris Mayr. 

. rufa obscuripes rubiginosa Emery. 

. rufa obscuripes melanotica Emery. 

. exsectoides Forel. A very large red and black mound-build- 
ing ant. Not so common here as in the east. 

F. ulkei Emery. Closely related to F. exsectoides ; not common. 

F. pallide-fulva schaufussi Mayr. 

F., pallide-fulva schaufussi incerta Emery. 

These last two are the common, rather large, slender, yellowish 
brown ants found in the open fields. 

F. pallide-fulva nitidiventris Emery. Darker and not quite so 
common as the two preceding species. 

F. fusca subsericea Say. This is the common large black ant 
which so often disfigures lawns with its nests. 

F. fusca argentata Wheeler, a less common variety. 

F. subpolita Mayr. 

F. subpolita picea Emery. 

F. cinerea neocinerea Wheeler. I have one vial of this species 
from New Bedford, collected by G. E. Sanders. 
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Polyergus rufescens breviceps Emery. I have one vial of this 
slave-making ant, taken with its slave, F. subsericea, at Wyoming, 
Ill., by G. E. Sanders. 

Campanotus. I have nine species of this genus. 

C. castaneus Latr. 

C. castaneus americanus Mayr. 

C. herculanus pennsylvanicus De Geer. 

C. herculanus ferrugineus Fabr. 

The two preceding species are our common carpenter ants. 

C. ligniperdis noveboracensis Fitch. 

C. fallax minutus Emery. 

C. fallax subbarbatus paucipilis Emery. 

C. fallax tanquaryi Wheeler. 

C. (subgenus) Colobopsis sp. 

The following species were added to my list by Prof. W. M. 
Wheeler. 

Pheidole bicarinata Mayr. (The type locality of this species is 
“Tllinois.” ) 

Aphenogaster fulva aquia var. rudis Emery. Rockford, Ill. 
(W. M. W.) 

_ A. fulva aquia var. picea Emery. Rockford, Ill. (W. M. W.) 

Dolichoderus (Hypoclinea) plagiatus Mayr. The type locality 
is “Illinois.” I have taken it at Rockford, Ill. (W. M. W.) 

Dorymyrmex pryamicus Roger var. niger Pergande. Rock- 
ford, Ill. (W. M. W.) 

Prenopelis parvula Mayr. Rockford, Ill. (W.M. W.) 

Lasius flavus L. subsp. nearcticus Wheeler. Rockford, II. 
(W. M. W.) 

L. (Acanthomyops) claviger Roger subsp. subgleber Emery. 
Rockford, Ill. (W. M. W.) 

Formica pallide-fulva Latr. subsp. fuscata Emery. Rockford, 
Til. (W.M. W.) 

F. fusca L. var. subenescens Emery. Rockford, Il. 
(W. M. W.) 

F, subpolita Mayr var near perpilosa Wheeler. Rockford, IIl. 
(W. M. W.) 

Polyergus lucidus Mayr. Rockford, Ill. (W.M. W.) 


P. rufescens Latr. subsp. bicolor Wasmann. Rockford, Ill. 
(W. M. W.) 


I take it that there are probably people in various parts of 
the state who are doing ecological work or perhaps merely making 
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entomological collections who may have ant material they would 
like to have identified. If so, I should be very glad to determine 
the material for them for the sake of getting data on the occur- 
rence and distribution of the various species in the state. With 
such help and with the opportunity which Professor Forbes has 
allowed me of working over the large amount of as yet undeter- 
mined material of the State Laboratory, I hope some time in the 
future to be able to publish a complete annotated list of the ants 
of the state. 

In building up my own collection I am indebted to a number of 
friends and co-workers, but especially to Messrs. W. P. Flint and 
G. E. Sanders, assistants to the State Entomologist. I am also 
indebted to Prof. S. A. Forbes for permission to use the extensive 
collections of the State Laboratory, and to Prof. W. M. Wheeler 
for making many determinations for me and for adding materially 
to my list. 


THE MOLLUSCA OF PIATT, CHAMPAIGN AND VER- 
MILION COUNTIES, ILLINOIS. 
By JAMEs ZETEK, 
Illinois State Laboratory of Natural History, Urbana. 
(Abstract. ) 

The paper records the result of a molluscan reconnoissance of 
Piatt, Champaign and Vermilion counties. Previous to 1907 but 
twenty-eight species had been recorded from this area. The 
work of the past four years has raised this number to 116, dis- 
tributed as follows: Piatt county, 52; Champaign county, 78; 
Vermilion county, 67; total 116. Of this number, 44 are pelecy- 
pods, 9 are prosobranchiate gastropods, 20 are aquatic pulmonata, 
and 43 are ‘terrestrial pulmonata. 

Fourteen different localities were visited and more or less 
extensive ecological observations were made; ten of these locali- 
ties were in Champaign County, and two each in Piatt and Ver- 
milion counties. Of the localities visited only two, the Brown- 
field and Cottonwood groves, three and one-quarter and four 
miles northeast of Urbana, were systematically searched for mol- 
lusks. It is believed that an equally careful study of the other 
localities will materially add to the number of species herein re- 
corded. 

The finding of Paravitrea significans (Bld.) in the Brownfield 
and Cottonwood groves is of great interest, extending the range 
of this species 300 miles northward. 
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THE OCCURRENCE OF THE RARE ALGA, GLOEOTAE- 
NIUM, IN ILLINOIS. 


By E. N. TRANSEAU, 


Eastern Illinois State Normal School, Charleston. 


This Alga, Gloeotaenium Loitlesbergerianum Hansg. was first 
described by Hansgirg’ in 1890 from material collected in Aus- 
tria. It has since been found at other places in Austria, Italy 
and the East Indies.? In the “Pflanzenfamilien,” Wille gives a 
description which is incorrect in several respects and places it 
among the doubtful genera of the Desmidiaceae.* In 1905 it was 
described by G. S. West* from the island of Trinidad, and classi- 
fied near the genus Gloeocystis, among the Chaetophoraceae. 
Collins’ follows the description of West and gives Trinidad as 
the only station in the western hemisphere. 


During the summer of 1910, the writer collected numerous 
specimens of this plant at Charleston. The habitat is an area of 
about two square meters on the northeast corner of a small arti- 

, ficial pond made by the removat of clay for the manufacture of 
tiles. The water is very shallow, not over a foot in depth when 
the water is highest. Although numerous collections have been 
made at other points in this pond and adjoining ponds, no other 
station was found. The collections made later than September 
have thus far yielded no specimens. A point of additional inter- 
est in connection with the habitat is that the pond has been in 
exist&nce about twenty years. The alga as found here consists 
of two or four celled families. It is of such size and striking 
appearance that it is not likely to be overlooked when even a 
picture of it has once been seen. Here is an opportunity for the 
imagination to account for the introduction of this plant in this 
far remote habitat. 


tHansgirg, A. Ueber neue Susswasser und Meeresalgen. Sitzber. K. Bohm. Ges. 
1890, p. 10. 

*DeToni, G. B. Frammenti algologici VIII. Sopra la sinonimia e la distribu- 
zione geographica del Gloetaenium Loitlesbergeruabum Hansg. Rev. Bot. Cent. 62: 
110. 1895. 

®Wille, N., in Engler und Prantl. Pflanzen familien I, 2, p. 159. 1897. 

“West, G. S., West Indian Fresh Water Algae. Jour. Bot. 42: 281. 1904. 

5Collins, F. S. _The Green Algae of North America. Tufts College Studies II, 
310. 1909. 
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STRUCTURE OF THE ADULT CYCAD STEM. 
By CHartes J. CHAMBERLAIN 
University of Chicago. 

(Summary.*) 


1. The paper deals with field material of adult stems of Dioon 
spinulosum, D. edule, Ceratozamia mexicana, and Zamia flori- 
dana, particular attention being given to Dioon spinulosum. 

2. In Dioon spinulosum the xylem zone in a plant 6 meters in 
height reaches a width of 10 cm., far exceeding the extent of any 
xylem zone previously described for any cycad. 

3. Dioon spinulosum and D. edule have growth rings, which in 
D. spinulosum correspond to the periods of activity which result 
in the formation of crowns or cones, but which in D. edule do 
not correspond to such periods. No growth rings were found 
in Ceratozamia mexicana or Zamia floridana. 

4. Cone domes in the pith were studied in the four species. 

5. The histological character of the adult stem was studied in 
Dioon spinulosum. The protoxylem consists of scalariform 
tracheids, from which there is a gradual transition to the trach- 
eids with multiseriate bordered pits, constituting the principal 
part of the wood. There are also cells with the same origin as 
the pitted tracheids, but with transverse walls which may remain 
thin-walled and contain starch or may become lignified. Besides 
the leaf trace bundles, scalariform tracheids are found in the 
large medulary rays. 

6. Both in the general appearance of the transverse section 
and in histological characters the adult trunk of Dioon spinulo- 
sum resemUles that of Cycadeoidea. 


Discussion. 

Mr. Coulter—‘It is a matter of considerable interest, if I 
might emphasize, to discover in Mexico a Cycad which has con- 
tradicted one of the best established distinctions of the Cycads 
as distinct from the Conifers, and it suggests a possibility that no 
one had thought of before. It is an absolutely new thing among 
Cycads to have such massive wood, and wood of this kind.” 

Mr. Caldwell—‘“Just what is the connection between that 
hump of wood that bears the cone, and the cylinder rings?” 


*Published in full in the Botanical Gazette, under the title “The Adult Cycad 
Trunk,” 52: 81-104, Aug., 1911. 
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Mr. Chamberlain —“Every dome, at the time it is produced, is 
the apex of the plant, and that passes down, with very complex 
anastomosing into those of the leaf traces. It is, therefore, re- 
lated directly to one of the cylinders.” 


DEMONSTRATION OF THE MOVEMENT OF THE 
WATER IN LEAVES. 


By Aaron HopcMan COLE. 
Chicago Teachers’ College, Chicago. 


( Abstract.) 


A brief statement of the present state of knowledge of trans- 
piration in plants will furnish an appropriate setting for the 
demonstration of the moving stream of water as it traverses the 
veins of leaves. We have not seen a clearer statement than that 
of Dr. C. R. Barnes in his admirable “Physiology of Plants,”’* 
from which we quote as follows: 

“The ultimate cause of the ascent of sap is transpiration; but 
how it acts is entirely unknown.” 

“The evidence that the xylem is the path of the transpiration 
stream rests in part upon direct observation, but mainly upon 
inference from the effects of cutting the xylem strands or block- 
ing the tracheae.” 

“It is fairly certain that the transpiration stream traverses the 
xylem strands and that it is the lumina of the tracheae that form 
the conduits for the water.” 

“The xylem strands form a connected series, extending from 
the root-hair region to the mesophyll of the leaves, among which 
they branch so extensively that there is scarcely a cell which is 
separated from a strand by more than a half dozen of its neigh- 
bors. Here the first branches end blindly or join their fellows.” 

It is my purpose to demonstrate briefly a method which I have 
recently developed for making visible to the eye, either without 
or with the aid of magnification, the actual movement of the 
transpiration stream along the xylem strands of live leaves. My 
investigation was undertaken in the hope that my students might 
see the movement of the sap when demonstrated with a projec- 
tion microscope or by direct observation. The use of translucent 
plant stems and modified leaves gave negative or unsatisfactory 


ana sTgtt Book of Botany, (Coulter, Barnes and Cowles) pp. 351, 347, 348, 342 
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results, but led to experiments with normal green leaves in which 
the veins and veinlets appear white when seen by transmitted 
light. Positive results have been obtained with leaves of bean, 
corn, barley, turnip, lettuce, Easter lily, Chinese sacred lily, 
freesia, and lilac. Leaves of corn and barley grown in the labo- 
ratory are preferred for use by students in simple demonstrations 
and also for projection experiments. For study under the com- 
pound microscope leaves of the bean and lilac are preferred. 
The rate of movement in the veins varies greatly, but, in gen- 
eral, appears to be more rapid than has been observed in stems. 
I have repeatedly noted a rate of 30 mm. in fifteen seconds, but 
the maximum rate observed by my students seems to be consid- 
erably faster. These measurements were made by direct observa- 
tion. For observing the phenomenon as it is related to the lumen 
and walls of the tracheae it is necessary to use the compound 
microscope with a power as high, at least, as a quarter inch 
objective and one inch ocular. It is possible to identify the 
tracheae in the smaller xylem strands and note the normal con- 
ditions of the lumen and wall and a moment later observe the 


movement of the colored liquid through the lumen of the cell. : 


Troublesome conditions are met with in the manipulation of 
the leaves under the compound and projection microscopes. 
New forms of apparatus, devised by the author, for the control 
of these conditions are not yet sufficiently perfected for publica- 
tion but will be included in a report of further researches. 

The laboratory demonstration included, first, the methods of 
preparation of the leaves for direct observation with the eye 
alone or aided by a hand magnifier and, second, the exhibition 
and description of a special cell for use in projecting the moving 
stream, the method of mounting a leaf in this cell and the dem- 
onstration of the movement by projection on a screen. 

The first method, as used by students in the biological labora- 
tory of the Chicago Teachers’ College was worked out and the 
specimens passed to members of the Academy. The leaves used 
were from barley plants from six to ten inches high, grown in 
the biological laboratory of the college. A few drops of a strong 
aqueous solution of eosin were placed in either a small homeo- 
pathic vial or in a watch glass. A leaf was cut, with a sharp 
knife, at a right angle to its length and at a half inch or more 
from its attachment to the stem. The cut end was immediately 
placed in the solution of eosin and the specimen held between 
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the eye and any strong light. The upward movement of the red 
liquid began at once and continued until the veins were colored 
to their tips at the apex of the leaf. 

In the second method of demonstration by projecting the pre- 
pared leaf on a screen a special glass and metal cell was used. 
This cell is so constructed that it does not interfere with the nor- 
mal activity in the loaf, but keeps the leaf flattened under the 
objective, prevents the upward flow of the eosin solution on the 
surface of the leaf next to the glass, and permits any necessary 
movements for accurate adjustments on the stage of the projec- 
tion microscope. As a large field and low magnification are 
desirable conditions in this demonstration, a regular lantern slide 
projection apparatus was used as a low power projection micro- 
scope.’ A vertical glass plate was attached to the slide stage 
which was then moved away from the condenser lenses a few 
inches and the lamp was so adjusted that the light was focused on 
the vertical glass plate. The quarter size projection lens was 
moved to such a point that it projected on the screen a clear pic- 
ture of an object held against the vertical glass plate which was, in 
effect, the stage of the projection microscope. A cooling tank of 
distilled water was placed between the condenser lenses and the 
glass stage to prevent undue heating of the leaf. A drop or two 
of water was then put into the special cell. A barley leaf, cut as 
described above, was placed in it, the cell placed on the glass 
plate and the transparent veins of the leaf sharply focused on the 
screen. The normal colors of the leaf having been seen, a few 
drops of strong eosin solution were added to the water in the 
cell and the movement of the colored liquid along the veins was 
immediately visible as far as to the rear of the room or forty 
feet from the screen. 


1Cole’s Manual of Biological Projection and Anasthesia of Animals, p. 38. 
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PRESENT CONDITION OF THE STATE MUSEUM OF 
NATURAL HISTORY. 


By A. R. Crook. 
Illinois State Museum of Natural History. 


In view of the interest which the Academy has taken in the 
State Museum, it may be well at this time to call attention to 
progress recently made at the museum—progress which, though 
slight is nevertheless gratifying. 

One of the most important pieces of work accomplished has 
been that in connection with the arrangement of the library. 
More than 1,500 books have been bound, sets have been com- 
pleted, several hundred books have been added, all have been 
arranged on accessible shelves, and about 12,000 cards have been 
written for card catalogue. 

A card catalogue of the specimens on exhibition in the museum 
is being rapidly brought to completion. During the past six 
months more than 4,000 cards have been written. 

The space at the disposal of the museum has been more than 
doubled, permitting a slight expansion and some addition to 
the exhibits. But the floer space for exhibition and for work 
should be at least four times what it now is, in order to ade- 
quately represent the things which as soon as possible should be 
collected for the sake of preservation, study and exhibition. 

There are at this time special reasons for hoping that in- 
creased space will soon be obtained. It is becoming widely real- 
ized that at least $100,000 worth of material is now inadequately 
cared for in the museum. Among this material are about 700 
type specimens. The present quarters are unsightly. The loca- 
tion, directly at the intersection of two busy streets, renders the 
dust nuisance almost unbearable. The danger of fire is great 
because of inflammable materials of which the building is con- 
structed and because of storage of such materials therein. The 
loss which a fire would cause would be irreparable. If new quar- 
ters can be provided as is the earnest wish of practically all con- 
versant with the situation, the present material can be safely 
housed and properly used; and the value of the collections can 
in a short time be doubled. More than $25,000 worth of speci- 
mens have already been offered the museum on the condition that 
a new building be secured, and it will be easy to increase these 
gifts. 
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It is impossible for a museum to work effectively without 
proper quarters. When needed space is provided, the exhibits 
which now represent the work of collection covering more than 
half a century, can become of great value to three classes of citi- 
zens: first, men of science who wish to use material (notably 
type specimens) for research work; second, men of business, 
who wish information concerning raw materials, and third, the 
casual sightseer and even the unlettered man who, in the museum 
can find entertainment of the finest type. 


In the matter of collecting, the attitude of the present curator 
is that there is a vast field in the state yet uncovered by existing 
agencies, and that there is ample room for all institutions doing 
work of this character. The one care should be to see that for 
our own people are preserved records which otherwise would be 
transferred to other regions of the country or, far more unfor- 
tunately than that, lost to science entirely. The chief aim of the 
institution is to be of direct value to all who may be assisted. 
It should be in a position to represent the excellent work which 
is being done along scientific lines notable at the University of 
Illinois and by workers in other localities of the state. Situated 
at the center of the state geographically and at some distance 
from the great intellectual center which Chicago always will be, 
it has a large field of usefulness. 

Imperfect as the institution now is, it was visited last year by 
more than 31,000 people by actual count and judging by the in- 
crease in the early part of this year that number will probably 
approach 50,000 this year. 

Exhibits furnished by the State Geological Survey, State Ento- 
mologist, the Highway Commissioner, the Department of Soils, 
the Bureau of Mines, the Department of Health, etc., would be a 


means of spreading abroad concrete knowledge of the work along 
these lines. 


The museum being in a somewhat isolated position, may very 
well become a special protegé of the State Academy of Science 
to the advantage of all concerned. And it is to be hoped that 
individually and collectively, the members of the organization will 
interest themselves in the furthering of the interests of the 
museum. Sixty members of the academy wrote clearly stated 
and urgent letters to the governor and legislators asking that a 
new building be provided at Springfield for the museum. These 
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letters and the resolutions of the academy* will aid materially 
in securing an adequate building for which there is now a bright 
prospect. 


REPORT OF ILLINOIS STATE ACADEMY OF SCIENCE COMMITTEE ON 
RESOLUTION CONCERNING THE STATE MUSEUM. 


March Ist, 1909. 


WHEREAS, the Illinois State Museum of Natural History in its more than 
fifty years of existence has become the repository of many thousand valuable scien- 
tific objects. 

WHEREAS, the present housing of these objects is inadequate, unsightly and 
dangerous, since they are crowded, exposed to dust and in danger of fire. 

WHEREAS, the museum should preserve and exhibit material showing the 
work of many scientific departments, such as the Geological Survey, Soil Survey, 
Water Survey, Laboratory of Natural History, Highway Commission, etc.; and 
should preserve the records of vanishing animals and plants and exhibit the oils, 
coals, clays, cements, fluxes, abrasives, metals and other minerals of the state which 
though so abundant are absolutely limited and capable of exhaustion. 

WHEREAS, the museum thus gives a forcible and concrete appeal for the con- 
servation of our natural resources, and is an institution of great importance, both 
from an educational and practical point of view. 

BE IT RESOLVED by the Illinois Academy of Science that an institu- 
tion of such scientific and commercial importance should be adequately cared for 
by the State, and that commodious quarters should be provided as soon as prac- 
ticable in a new building in Springfield. 

BE IT FURTHER RESOLVED that the Illinois Academy of Science, as 
an organization and as individuals, hereby expresses its earnest wish that the present 
state legislature take steps to provide such a building for the museum either alone 
er with other appropriate State Departments. 

S. A. FORBES. 

A. R. CROOK. 

J. C. HESSLER. 
Committee. 


*The resolutions were as follows: 
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MEMORIAL ADDRESSES. 


Since the last meeting at Urbana, death has claimed several 
members of the Illinois Academy of Science, and it is fitting to 
record briefly the lives of these men, several of whom died while 
in the midst of an illustrious career. We are called upon to 
mourn five members who have been thus taken from our number. 


IN MEMORY OF CHARLES REID BARNES. 
By Joun M. Coutter. 


The death of Charles Reid Barnes, on February 24, 1910, re- 
moved from the Academy a man whose services in scientific or- 
ganizations have been conspicuous, and who would have proved a 
most efficient member of this young organization. 

His relations to his science were varied and important. He 
was always active in scientific societies, and was held in high 
esteem by his colleagues as an unusually efficient administrator. 
As a teacher he had few equals. There was a clearness and pre- 
cision in his statements, a keen critical sense, an unvarying frank- 
ness, and a winning personality that always attracted and held 
students. For twenty-seven years he was co-editor of the Botan- 
ical Gazette, possessing to an unusual degree the editorial genius, 
which entered into every detail, from general policy to printing. 
As a reviewer he achieved high reputation, for he grasped the 
significant things, and let no doubtful results or inferior work 
slip by without incisive comment. His publications were not 
voluminous, but they include text books, taxonomic work dealing 
with mosses, morphological work dealing with liverworts, and 
critical papers on plant physiology. 

To his comrades in American botany he was more than a com- 
panion in work. He was a loyal friend, whose sweetness and 
largeness of spirit bound them to him in bonds of no common 
strength. The memory of his quiet animation of bearing and 
cheerful vigor will not pass away from the minds of his asso- 
icates. 

The Illinois Academy of Science desires to record upon its 
minutes, along with its deep sense of loss, its gratitude that the 
life of the society has been enriched, even for a short period, 
by the presence of this strong, unsullied, and devoted nature. 
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J. A. WEST: IN MEMORIAM. 
By S. A. Forses. 


Mr. James Alexander West, a charter member of this Academy, 
was born March 29, 1874, at Nokomis, Ill. His father, Rever- 
end James M. West, was a clergyman in the Methodist Episcopal 
Church. He took his first degree in a scientific course at the IIli- 
nois Wesleyan University, at Bloomington, in 1899, and received 
the master’s degree from the same college in 1904. In the mean- 
time he had taken a theological course at Boston University, 
from which he graduated in 1903. 

After preaching for two years, he returned to scientific work as 
an assistant in the State Entomologist’s office, located at the Uni- 
versity of Illinois, under an appointment dated September 1, 1905, 
and entered also upon a graduate course in entomology for which 
he would have received his doctor’s degree at the commence- 
ment of 1910 except for the failure of his health in September, 
1909. He died of tuberculosis April 17, 1910, at Ottawa, IIl., in 
the thirty-fourth year of his age, leaving a wife, Mrs. Mary 
Josephine (Varty) West, to whom he was married in 1901, and 
two children aged 6 years and 15 months, respectively. 

Mr. West was a painstaking, thorough, and accurate student, 
and a faithful, loyal, and unselfish gentleman. He was a clear 
writer, and an unusually acceptable speaker to general audiences. 
He made friends easily, was highly regarded by his entomological 
associates, and was rapidly becoming widely and favorably known 
throughout his state. Although at the very beginning of his sci- 
entific career, he had won sufficient recognition and appreciation 
to bring him, in 1909, an appointment as head of the department 
of entomology in an important technical college—an appointment 
which he declined in order to complete his graduate course. He 
left several papers on scientific subjects in form for publication, 
one of which has been recently printed as a bulletin of the IIli- 
nois State Laboratory of Natural History. 


JOSEPH R. PUTNAM: IN MEMORIAM.* 


The death of Joseph R. Putnam, September 7, 1910, removed 
from the active members of the academy one who has long been 
identified with the society and who had served as a member of 
the Board of Trustees for the preceding eighteen years. 


“Reprinted from Bulletin No. 5, Vol. III, of The Chicago Academy of Sciences. 
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Mr. Putnam was born in 1835, at Houlton, Maine. He spent 
his boyhood days in New England, and graduated from Williams’ 
College in the year 1858. At the opening of the Civil War, Mr. 
Putnam enlisted in the Third Minnesota Infantry. In 1862 he 
was made lieutenant of that infantry, and in 1864 lieutenant- 
colonel of the Forty-Third Colored U. S. Infantry. Soon after 
that he was taken prisoner. While on parole on account of ill- 
ness, he served in General Sibley’s staff in the Sioux Indian 
campaign. Later, upon his return to his own company, Mr. Put- 
nam served on the Signal Corps until the close of the war. He 
served in the battles of Chickamauga, Missionary Ridge and 
Lookout Mountain. 

Following the close of the Civil War, Mr. Putnam came to 
Chicago and soon established himself in the real estate business. 
As a citizen of Chicago he took an active interest in the general 
welfare of the community. He became a member of the Chicago 
Academy of Sciences before the great fire in 1871, when the 


records of the Academy were destroyed. He was among the 
most enthusiastic members in the re-establishment and growth of 
the Academy after the fire, and up to the time of his death gave 


a great deal of attention to the welfare and development of the 
institution. 


In the year 1892 he was elected to membership on the Board 
of Trustees, and in 1899 chosen as the president of that Board, 
in which capacity he served until the time of his death. During 
Mr. Putnam’s association with the Academy he endeared himself 
in many ways to the members of the Society. 


JOHN FARWELL FERRY.* 
By Benjy. T. GAuLT. 


The sudden and untimely death at St. Luke’s Hospital, Chi- 
coga, February 11, 1910, from acute pneumonia, of our fellow 
member, John Farwell Ferry, came as a great surprise and shock 
to his many friends in and about the city and throughout the 
country at large. 

Born October 12, 1877, Mr. Ferry developed early in life a 
fondness for natural history pursuits and, before entering the 
preparatory school at Andover, Mass., had gathered together a 
collection of North American birds that would have done credit 
to a much older person. 
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Graduating with the engineering class of the Sheffield School 
of Yale in 1901, he later became Secretary of the Sheffield Branch 
of the Y. M. C. A. at New Haven, Conn. In 1902 he took up 
the mercantile calling and acted as a traveling salesman for two 
years. During the summer of 1905 he received an appointment 
with the Biological Survey and collected that season in California. 
February 1, 1906, he joined the staff of the Field Museum of Chi- 
cago, under Prof. Chas. B. Cory, curator of the Department of 
Zoology, which institution he served faithfully and well up to 
the time of his death. 

His museum experience being the longest was perhaps most 
prolific of results, several trips of some duration being planned 
and executed by him during that time, chief among which may be 
mentioned an expedition to Central America and northern South 
America during the winter of 1907-’08. 

This was followed the succeeding year by another to the islands 
of the Caribbean Sea, which proved unusually successful, adding 
several novelties new to science among the birds, a honey creeper, 
Coereba ferryi, being named by Prof. Cory in honor of the 
collector. 

The readers of the Bulletin will remember the subject of this 
sketch by the very excellent paper of his, “The Spring Migration 
of 1907 in the Vicinity of Chicago,” appearing in the March 
number of 1908. Additional articles have been published by him 
in “The Auk” and “The Condor,” and at the time of his death he 
was working out a paper based upon the results of the Costa 
Rican, or Central American, trip previously mentioned. Tall in 
stature and of a dignified and courteous bearing, Mr. Ferry 
united to these an’amiable turn of mind. He was a young man of 
exemplary habits and high ideals, and bid fair to achieve distinc- 
tion as well in the science of birds. His loss to Illinois and to 
ornithology, therefore, will be keenly felt. 


*Reprinted from The Wilson Bulletin XXII, No. 1, March, 1910. 
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